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PREFACE TO THE FIRST GERMAN EDITION. 



The author baa been frequently requested to give 
a brief description of those methods which are adopted 
in microscopical examinations, conducted for diagnos- 
tic and pathological purposes. These same methods, 
which twenty years ago were extremely simple, have 
gradually become more complicated and have, in 
many respects, been very essentially improved and 
refined. A large number of the surprising advances 
which have been made of late years in the field of 
vegetable parasites, are the direct results of improve- 
ments in teckniqve. 

If, therefore, every one who aspirea to follow the 
progress of pathology must become acquainted with 
recent methods, this is still more incumbent upon him 
who desires to undertake microscopical examinations 
for clinical and pathological ends. A concise state- 
ment of the processes employed in pathological his- 
tology has hitherto been wanting, and its absence lias 
been deeply felt by many ; this book aims at supply- 
ing the deficiency. The fact that examinations for 
Bchizomycetes have been treated quite exhaustively, 
and have received especial preference, ought to meet 



I 



iv PREFACE TO THE FIRST GERMAN EDITION. 

with universal approval It has frequently been 
necessary to enter rather deeply into the diagnostic 
and prognostic significance of discoveries ; particular 
stress was laid upon this in discussing the subject of 
tubercle-bacilli in sputa, and in deciding between 
erosion and carcinoma of the uterus. 

May this little volume serve as a guide to the 
beginner in this study, which is as fascinating as it is 
difficult. Perhaps the expert, too, maj; find here and 
there a useful hint. 

Gael Frtedlaender. 

City Hospital, Beblin, August, 1882. 



PREFACE TO THE SECOND GERMAN EDITION. 



A SEOOND edition of this little book has become 
necessary after the lapse of a comparatively short 
period. I have aimed to select from the many new 
contributions on technology, and to add to the text, 
those which present essential improvements as re- 
gards my purposes. I have also, in accordance with 
the wishes of many, presented in the appended col- 
ored plate a comparison of the most important and 
characteristic pathogenic schizomycetes. I am in- 
debted for the drawings to my honored friend and 
fellow-worker Dr. Gram, of Copenhagen. They have 
all been executed on the same scale — one to one 

thousand. 

The Author. 

Berlin, April, 1884. 
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TTSE OF THE MICROSCOPE. 



THE MICROSCOPE. 

If regard to the clioiee of a microscope, the prin- 
ciple is to be established that the lenses and the stage 
must be free from defects. Do not be led to purchase 
an instiimieut of inferior quality, because the price is 
a little lower ; most of the objects which we have to 
examine with the microscope present so many diffi- 
culties, their outlines are so delicate, etc., that it is 
only under the most favorable circumstaacea that we 
succeed in bringing them into view perfectly, and 
without gi'eat loss of time. Therefore, it is best to 
select at the outset an instrument of a well-known 
and reliable make, K one of the lenses, or other parts, 
which have been furnished, does not satisfy all of the 
proper requit-ementa, send them back at once, for 
nothing is more unpleasant than a year's struggle 
with an imperfect microscope. 

On the contrary, it is by no means necessary to pur- 
chase the strongest objectives at the start, since they 
materially increase the price of instruments. It is 
better for the beginner to use only low and mod- 
erate powers at first — three hundred at the highest ; 
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2 THE USE OF THE MICROSCOPE. 

the management of stronger lensea is beset with so 
many dlffieultiea, and demands such extreme accuracy, 
that it is decidedly advisable to prepare one's self for 
tliis by previously working for some time with lower 
powers. 

1. The Stand (Abbu's Apparatus), — The stand 
must be so arranged that it can be used even \vitli 
the strongest objectives ; above all, the action of the 
micrometer-screw must be sufficiently delicate. The 
stage must be large, firm, and steady, and the opening 
not too small, so that a section of the spinal cord, for 
example, can be examined in toto, under a low power 
and Avith the diapliragm removed. The contrivance 
for revolving the stand is, as a rule, superfluous. 

The cylindrical diaphragms (the disk-diaphragma 
are less perfect) must, as a matter of course, be 
exactly centered, and readily exchangeable. Narrow 
diaphragms are employed in the ease of unstained 
objects, in order to bring the structures sharply into 
view when higher powers are used ; with low powers 
it is usually necessary to attach a wider diaphragm, 
so that the entire field of vision may be utUized. A 
condenser, or Abb6's apparatus, is desirable in all 
cases, and it is necessary in examinations of schizo- 
mycetes. The rays of light, reflected from the mir- 
ror upon the lens of the condenser, are so refracted 
by this that they meet in a single point (focus), and 
this point lies exactly at the position of the object. 
In this way the object receives an immense quantity 
of light, not only a collection of nearly parallel rays 
from below, as in the ordinary examination with a 
narrow diaphragm, but an entire cone, with the larg- 
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THE MICROSCOPE. 3 

est possible angle of divergence, at the apex of wliich 
lies the object. For this reason the delicate contours 
of the transparent object, so far as they depend upon 
differences of refraction, are almost entirely lost ; as 
Koch expresses it, the contours are "extinguished," 
The stained portions of the specimen, which would 
otherwise have been partly or wholly concealed by 
the outlines of the unstained portions, appeal" bo 
much the more distinct. Koch terms this "isolar 
tion of the stained image." Thus, by the examination 
with the open condenser, we very often succeed in 
recognizing as such deeply-stained micro-organisms, 
or other small colored bodies, which under the ordi- 
nary illumination are concealed by the image of the 
structui'e, and thus are only indistinct or even quite 
invisible. The angle of divergence of the light-cone 
amounts, when Abba's condenser is used, to 120°; the 
condensers previously manufactured usually give a 
much smaller angle, and are consequently insufficient. 
Beneath the lens of the condenser is a disk, provided 
with diaphragms of different sizes which are inter- 
changeable ; by employing a narrow diaphragm you 
naturally obtain an illumination quite similar to that 
furnished by a narrow cylindrical one. In order to 
isolate the colored image, the diaphragms are removed 
entirely. The other complicated arrangements of 
AbbiS's apparatus have not, up to the present time, 
been essential to my purposes. On the contrary, the 
use of illumination by means of the open condenser 
is of very great value for all stained preparations, 
while in many difficult examinations it is even indis- 
We have to thank Koch for the introdnc- 
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tion of tliia method.* In choosing a stand, care 
must be taken that a well-made condenser, with 
lai^e focal angle, or an Abbe's apparatus, is, or at 
leaat can be, attached. 

2. OBjECTivEa. Water and Oil Iktmeesions. 
As regards the choice of the lenses, the necessary ob- 
jectives are : 

(1.) Quite a weat one, having a focal distance of 
about thirty miOimetres, which with the medium 
ocular gives a magnifying power of about twenty ; 
this is for the general inspection of large seetiona, 
those, for example, from the brain and spinal cord, 
liver, and kidney, for the observation of trichinge, etc. 

(2.) A moderately weak lens, with a focal distance 
of about fifteen millimetres, such aa wUl attain a 
magnifying power of about aisty or eighty. 

(3.) A moderately strong one, with a foeaJ distance 
of four millimetres, giving a power of three hundred. 

(4.) A rather strong immersion-lens, having a fo- 
cal distance of one and one half or two millimetres, 
for more delicate examinations. 

The powers of eighty and three hundi'ed will be 
most useful for our purposes. 

The immersion syatemSjf which are employed in 
order to obtain very strong magnifying powers, de- 
mand for their management a certain degree of care 
and experience. As already stated, it is best for the 

* R. Koch, " Unterau Chan gen fOr Aetiologie der Wundinfectiona- 
kmnkheiteo." Leipzig, 1878. 

t The usual deBignation of tbo immersion sjsteras, as -}j^ -j^, refers 
to their equivalent (oeal distance, wWcli, according to the English cus- 
tom, IB eipressed in inches: -^ corresponds to 3 miUimetres, ^ to 1'3 
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TEE MICROSCOPE. 5 

beginner not to use them at first. It ia imposeible, 
without entering into rather exact physical demon- 
strations, to esplain the advantages of immersion. 
This -will be enoiigh for us : aa the rays pass from 
the upper surface of the cover-glass into the air, and 
again from the air into the under surface of the ob- 
Jective-leus of the microscope, those rays alone remain 
unchanged which impinge upon these surfaces ver- 
tically ; the oblique rays are changed in their course, 
and the more acute the angle at which they fall, the 
more they are refracted. 

Now, if we designate as the angle of divergence 
of an objective that angle which is formed by the 
diverging rays proceeding from any point in the 
object to the extreme edge of the lens (which are 
reunited at a point in the image above the objec- 
tive), then it is evident that this angle of divergence 
can not be increased above a certain degree with dry 
objectives, if the clearness of the image is to be pre- 
served.* For the peripheral rays, which, because of 
their oblique passage from the glass to the air, and 
from the air to the glass, are twice deflected, appear to 
proceed from a different point than the more central 
rays ; in addition to the spherical aberration of light, 
there is another element which prevents the employ- 
ment of an angle of divergence as large as possible. 
This evil is essentially lessened if we interpose a layer 
of water between the cover-glass and lens (water-im- 
mersion), since the difference in refractive power be- 
tween water and glass is much less than that between 

• Thia disBdvantftge is avoided, at least in part, bj tho ao-oallad 
" correction." Compare the following note. 
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air and glass ; it can be almost entirely removed, 
however, if a fluid is interposed wliich lias the 

same refractive power as glass (homogeneoua or oil 
immersion). Oil of cedar, or a mixture of fennel and 
castor oila, is used for this purpose ; * a mixture of 
chloral hydrate and glycerin has been recently recom- 
mended. These oil-immersion lenses are the master- 
pieces of our opticians ; Abb6, Zeiss, and Stephen- 
son have acquired a great deal of credit by their in- 
troduction. 

With the increase in the angle of divergence, not 
only is the clearness of the image augmented, but 
the power of differentiation— -the so-called resolving 
power — of the instrument is increased to a degree 
not hitherto attainable. 

The use of oil-immersions is not unattended with 
difficulties, even for a skilled microscopist, who is 
accustomed to neat and delicate work. 

In tlie case of water-immersion lenses, one very 
soon leama to determine the size of the drop, which 
is placed, by means of a glass rod, upon the front 
lens of the ayatem, or upon the glass which covers 
the object ; further than this, one has only to prevent 

* This 19 onlj one of the advaotagea offered by tlie immersion syB- 
tema ; besides this they have, by reason of the relations of reflection and 
refrnction, more liglit than dry aystema of the same focal angli 
readily ba demonHtrated. In order to correct tlie influence oi 
gioBses of different thicknesses, the powerful dry and water immeraion 
objeotiyea are constracted in so-called " correction-monntinga," whioh. 
allow the lenaea of which the system is composed to ba approximated 
to, or separated from, one another. For cover-glasaea of all tliickneasea 
tliat position of the correction-acre w moat be determined at which the 
clearest microscopical image is obttuned. The correction is, aa a mat- 
ter of conrse, aaperflnons witli the homogeneoas immersion. 
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the drop of distilled water upon the cover-glass from 
flowing over the edge, and mingling with the fluid in 
which the preparation is mounted. 

This difficulty is absent in the caae of cemented 
mounted specimens ; the drop ia then very easily re- 
moved from the cover-glass, by means of a fine capil- 
lary glass tube. An oil-drop, on the other hand, can 
only be completely removed by vigorous rubbing. 
We may generally content ourselves with getting rid 
of the superfluous oil by drawing fine blotting-paper 
gently over it, and may leave the veiy thin layer 
which remains upon the cover-glass. 

3. Eye-pieces. Accessory Appaeatus. Comeina- 
TioNs, — Two eye-pieces are generally used, a weaker 
one for ordinary work, and a stronger for special 
cases ; one of these contains the micrometer. Of the 
accompanying pieces of appai'atus, which are furnished 
by the optician, the following may be mentioned ; 

(1.) A revolving apparatus for rapidly changing 
the objectives. 

(2.) An aiTangement for drawing, preferably Ober- 
hauser's model, which has a knee-shaped bend, and is 
provided with two prisms. 

(3.) A polarizing apparatus, 

(4.) A spectroscope. 

The last two pieces of apparatus have been re- 
cently combined by Messrs. Schmidt and Haenseh of 
Berlin. 

(5.) A warm stage — Schultze'a or Strieker's.* 

* There followB a list of German opticians whoso instrnments are 
recommended; this has been omitteO as being of no practical use to the 
English reader.— Te4hs. 




ACCESSORIES. 

1. Illuminating Lamp, Cobblek's Globe, — Da' 
light always serves best for illiiminatioii, especially i 
it can be obtained from a wliite cloud which is some- 
where in the neighborhood of the sun. Direct sun- 
light can not be used, therefore it is always most ad- 
vantageous to place the working-table at a window 
which faces the south. If the sun ia shining, a window 
is dai'kened by means of a wliite curtain, under the 
shade of which the work is canied on ; the light is 
derived either from the curtain, or fi'om the sky 
through the uncovered windows. 

However, our clime, which so abounds in cloudy 
and dark days, frequently compels ua, even during 
the day, to have recourse to artificial sources of light, 
especially for high powers. We use for this purpose 
merely a gas-flame, with an Argand burner, over which 
is placed an isinglass chimney, and a shade made of 
stiff paper. The direct light of the flame is used, and 
its yellow color is corrected by adjusting over the 
eye-piece a ring containing plane blue glass. 

When we have at hand several of these rings, witli 
■^drying shades of blue, we can make the correction 

■■■he different distances at which the lamp is placed^ 
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The burner is fastened to a stand by a sliding arm, 
and stands at a height of about twenty or thirty cen- 
timetres above the surface of the table ; if the shade 
ia properly attached, by meana of a "wire frame, the 
heat of the flame need be felt little, if any ; and then 
wort by gaslight is not much more trying than by 
daylight. Petroleum-light is certainly useful, but one 
should see that the Argand burner lias a diameter of 
at least twenty millimetres ; the so-called duplex 
bumere of corresponding breadth are also valuable. 

I recommend highly the use of a cobbler's globe 
(Schusterkugel), which is filled with a solution of 
sulphate of copper and ammonia, and interposed 
between the lamp and the mirror. A few drops of 
ammonia are added to a solution of sulphate of cop- 
per, till a beautiful blue color results ; by further 
diluting this solution with water, a cloudiness gener- 
ally appears, which is redissolved by adding more am- 
monia. It is very easy to test the proper intensity of 
the color. A beautiful white light is then obtained, 
which falls upon the muTor in parallel rays. 

The light itself must be placed low, and is only 
to be used for the actual microscopical work; for 
preparing specimens, etc., some other illumination 
must be employed. 

2. Glass AppAEATU3.^The slides are to be made 
of white, plane glass, as free from flaws as possible, 
and of a defiaite, even thicknesa and size; the Eng- 
lish are the best. The edges must be ground oflE. 

The cover-glassea are likewise of a definite, mode- 
rate thickness, preferably about 0*15 millimetres. 
Many strong objectives require cover-glasses of spe- 
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cial tiiinness. Among otlier glaaa objects the follow 
ing are used ; 

A la:i^e number of watch-glasses. 

Grlass rods. 

Glass tubes, capillary and otherwise. 

Glass flat-bottomed dishes of different sizes. 

Bell-glasses of different sizes. 

Glass beakers, injecting-bottles, crucibles, reagent 
glasses, and a stand with funnels. 

Measuring-glass. 

A plate of black glass and one of white porcelain, 
to serve as supports while preparing specimens. Thai 
black plate is adapted for white or unstained objects; 
while we always carry on our manipulations witlj 
stained preparations upon the white ground. 

3. Metallic Instrtjstents. — As regards the me- 
tallic instruments, needles, forceps, scissors, kniv 
spatula, etc., attention can not be directed too strong>^ 
ly to the fact that these must always be kept in an 
absolutely perfect condition. Even if we do 
many older microscopists working with blunt, rusty 
needles, with dull scissors, with forceps which do not: 
hold, etc., let this only serve as an example to deter 
us from a similar procedure. Our instrumentariuna 
must be kept bright and sharp, like an oculist's caaa 
The razor has its under surface ground flat ; here, too, 
it is self-evident that the blade must always be sharp 
and clean. In spite of our double knife and micro. 
tome, we still need the razor very often, especially h 
investigations. In cutting, draw rather thaa 
and utilize the whole length of the cut froni 
liner to end. 
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Within a few weeks nearly every one acquires tte 
requisite experience, so tliat he can cut with the razor, 
rapidly and surely, a few even, thin sections, from 
fresh, aa well as from hardened, preparations ; m many 
cases, where absolutely exact or very thin sections 
are not required, this method, because of its simplici- 
ty, is always the beat. 

The double knife, also, is much used, especially 
for the examination of fresh preparations; with it 
large and regulai- sections are obtained, even from 
fresh, soft organs. However, the entire gross speci- 
men is usually sacrificed in this way ; the organs are 
fi-equently hacked to pieces with the double knife 
in a very ugly manner. The instrument is drawn 
quickly through the organ which is to be cut ; in 
order that the blade may not strike anything at the 
same time and be injured, it is advisable to use a soft 
support, as fresh liver. 

Moat instrument-makers make the springs between 
the two blades of the double-knife too strong ; I have 
often found it advantageous to remove these springs 



The blades are thus adjusted: the upper screw 
is first screwed entirely back, then the two blades 
are closely approximated by the lower screw, and 
finally they are again separated a little, by advanc- 
ing the upper screw. The blades should be nearly 
parallel. 

4. Microtome. — No microscoplst will be willing 
to work, at the present day, without a microtome. 
Although ten years ago microtomes were only in the 
hands of a few, now they are very widely used, and 
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it is certain that with them a most important advan< 
has been made in microscopical technology. 

It would be extremely tiresome (and, indeed, it : 
unnecessary) to introduce here a description of i 
various forms of microtomes, since several new mot 
els or modifications are annually invented. We i 
use almost any system ; however, I would advis 
against those models in which it is necessary to im 
bed the preparation. Good microtomes are fiunishe* 
by Dr. Long, of Breslau, Katschs, instrument-make 
in Munich, and by the mechanicians Schanze, 
Leipzig (at the Pathological Institute), Jung, 
Heidelberg, and Meier, in Sti-asbiirg, and also b 
several others. The author worked for a long tim 
with Long's instrument ; but he is so well satisfies 
with Schanze's new model, that he would especiall 
recommend this one. The apparatus explains itself 
the knife is carried on a slide, while the specimen \ 
gradually raised by the coarse movement of a tootha 
wheel ; by drawing forward the knife, a section wiJ 
be cut corresponding in thickness to the amount c 
elevation of the specimen. 

In Long's microtomes, the specimen is raised b 
the limited movement of a slide upon a £ 
plane ; in Jung's instruments it is effected in a ver 
accurate manner by means of a fine micrometer-screTf 
In these instruments, also, the sliding movement \ 
remarkably smooth. 

The specimen which is to be cut is secured in 

clamp; clamps of different sizes and shapes, sue] 

as can be readily changed, may be used with i ' 

me instrument. In every case, the essential thinj 
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13 that the specimen should be tightly held in the 
clamp. 

It is customaiy to secure the preparation be- 
tween two slices of well-hardened liver ; amyloid liver, 
which has been kept in alcohol, ia best fitted for 
this purpose. The thoroughly hardened specimen — 
a firm, even consistence is a necessary prerequisite for 
the making of good microtome sections — is placed in 
the clamp, between the two slices of liver, and is se- 
cured, by means of the screw, in such a way that a 
layer from one to two millimetres in thickness pro- 
jects above the clamp. The slices of liver act like 
fixation-splinta, by which the portion of the specimen 
which extends above the clamp is sufficiently secured. 
The fixation must always be perfect ; if the specimen 
can slip away from the cutting-blade only a little, the 
sections are imperfect and unrehable. 

We may, instead of this, fasten in the clamp a 
cork, upon the upper surface of which a slice of the 
hardened preparation, several millimetres in thick- 
ness, has been glued. As a glue, a thick solution of 
gum or so-called fluid cement is employed. Both sub- 
stjmces soon become perfectly solid when placed in 
alcohol. In this way only a small piece of the speci- 
men is used, and this is subject to no pressure, since 
it is merely attached to the cork. This procedure, 
which, as far as I know, originated with Weigert, is 
a very efficient one, and is to be highly commended. 

When the specimen has been pi'operly secured, 
the knife is so adjusted that it commences to cut at 
the point where the edge begins. This direction is, 
indeed, self-evident, but it is very frequently disre- 
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garded ; the novice often pushes the blunt part of the 
blade against the specimen, or, on the other hand, ho 
allows the edge to begin cutting at its middle. Both; 
of these eiTors must be avoided. Then care must bft 
taken that the knife meets the specimen at the most 
favorable angle. It should be pressed down as little 
as possible, but ahould have mainly a drawing move- 
ment ; it is, therefore, to be so adjusted, with refer-' 
ence to the breadth of the specimen, that the entire 
edge ia used up to its very end. The narrower the 
object, the more oblique is the knife, and the more 
economically can the section be made. In cutting 
the specimen and the knife-blade are always kept 
thoroughly moistened with alcohol ; the slide is to \ 
well oiled, preferably with bone-oil. 

Instead of the clamp, which is designed for hard* 
ened specimens, a freezing-plate or freezing-box majft 
be attached to the same microtome ; an ether-spray i 
thi'own against the under surface of this, by i 
of an atomizer, an intense cold being produced by ita 
evaporation. 

A slice of any fre^h organ, when placed upon the 
upper surface of the plate, fi'eezes at once; in thifl 
way very delicate and even sections can be obtained 
directly from fresh organs, without previous harden- 
ing. 

Thick and Thin Sections. — The thickness of tlie 
sections can be varied at pleasure, according as the 
specimen is more or less elevated ; this thickness can 
generally be estimated directly from the micrometer-' 
scale in hundredths of a millimetre. 

^ mer generally thinks that in all cases the. 
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thinneet possible sections must be prepared, while a 
practiced investigator often purposely works with 
quite thick sections. Very thin sections have the 
following disadvantages : 

1. They ai'e difficult to manipulate ; it often takes 
a good deal of time to spread them out perfectly. 

2. It fi'equently happens that the elements, in- 
closed within the meshes of extremely thin sections, 
fall out ; this is highly disadvantageous for our pur- 
poses, since the very objects which interest us are 
often lost. Accordingly the process of penciling, or 
shaking, specimens, which is often practiced in normal 
histology, by which thick sections are rendered trans- 
parent, is to be recommended only to a limited extent 
in pathological examinations. 

3. If we are searching for elements which are only 
sparingly distributed through an organ — for example, 
animal or vegetable parasites — there is naturally a bet- 
ter chance of finding the same in thick sections, pro- 
vided that the latter are sufficiently transparent, and 
that the elements sought for stand out well from the 
surrounding tissue. 

4. In thick sections definite stereometric represen- 
tations of the structure of the object in question are 
frequently obtained, since a numbei' of sections placed 
one above the other are examined directly in situ and 
m continuo, while in extremely thin sections plane 
images only are fonned. On the contrary, it is evi- 
dent that some particularly delicate structures gener- 
ally become visible only in thin sections, while in 
thicker ones, in consequence of the many superim- 
posed outlines, they completely disappear. 
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For most purposes sections of fresh organs Lav*! 
ing a tHckness of 0*05 mm,, or even O'l Dim., are I 
very useful ; in the case of hardened preparations I 
thinner ones are generally used, especially if they are j 
stained, about O'Ol to 0'03 mm . being the average. 

It 19 a very important advantage of microtome I 
that with them sections of any desired thickness can I 
be produced easily and in auy number, as if from a 1 
manufactory. More sections are usually made than I 
are needed at the time ; the rest are preserved for ' 
future use, in a small bottle which is filled with al- 
cohol. 

FpETHEE Teeatment of Sections. — The sections 
are transferred from the microtome-blade (or from 
the raaor or double knife) to a watch-glass filled with 
fluid, and this is best done by means of a soft, moist 
brush. The fluid used for fresh (frozen) sections is 
salt-solution, and in this they are examined directly; , 
for sections made from alcoholic specimens, first alco- 1 
hoi, and then, as a rule, distilled water are used, 1 
The sections may easily be ruined during the further 
manipulations to which they are subjected ; to allow 
of the action of reagents and staining-materials they 
must frequently be transferred from one watch-glass J 
to another, and finally be placed unharmed upon tlie I 
slide. Slightly bent, thin spatulas are best used for I 
this purpose — for example, strips of copper or pew- 1 
ter, or even of nickel-plated steel, which are brought! 
carefully under the object as it floats in the fluid a 
in this way alone can a thin section be lifted ouM 
without wr inkl ing and be placed in a new fluid. I 

The slide also must first be covered with a thicka 
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,yer of fluid, before the section is transferred to it ; 
the section should slip easily from the spatula, sim- 
ply through the action of a gentle curi'ent of fluid. 
The cover-glass is then placed upon it, and the excess 
of liquid is absorbed by means of a capillaiy tube, or 
by blotting-paper. The slide rests meanwhile upon 
a black glass plate, in the case of unstained objects, 
or upon a white plate, when the objects are stained. 
The microscopist should also keep both hands free ; it 
is a very bad habit with many beginners to hold the 
slide in the baud while placing the specimen upon it. 

In order to render possible the delicate move- 
ments of the fingers, which are necessary for these 
and otlier manipulations, I advise that the fore-arm, 
and also the ulnar edge of the metacarpus, should be 
firmly supported upon the table ; it is very difficult 
to mount thin sections properly when the arm is un- 
supported. 

The sections prepared from alcoholic specimens 
are transfeiTed from the watch-glass containing alco- 
hol to distilled water ; by reason of the active move- 
ments which are caused by the currents of diffusion, 
they spread out very nicely here, and become changed 
from their shrunken, wrinkled condition into transpar- 
ent lamina). Then for the first time do they become 
fit for examination ; they are arranged upon the slide 
in distilled water, which is then in most cases dis- 
placed by glycerin, that has been placed at the edge 
of the cover-glass. Large, delicate sections do not 
unroll BO well in the viscid glycerin as in water; 
smaller sections may also be placed at once in a drop 
of glycerin. 
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KEAGENTS. MICEO-CHEiOSTHT. 

Reagenta are to be kept in small glass bottles 
with ground-glass stoppers. While this principle is 
carried out in every chemical laboratory, and even in 
every pharmacy, we constantly see many microsco- 
j)ist8 working with bottles which have dirty corks — 
a most reprehensible custom. Even a double stop- 
per is proper for those reagents which are constantly 
ufwd ; we always keep our glycerin, acetic acid, dis- 
tilled water, oil of cloves, Canada balsam, etc., in so- 
called cobalt-flasks, the ground-glass stoppers of which 
are drawn out below into a glass tube, while a hat- 
shaped glass cover is placed ov^er the whole. The be- 
ginner should, by preserving his reagents in an abso- 
lutely clean and transparent condition, become accus- 
tomed, from the very first, to the most painstaking 
care in his work. 

We, )w a matter of course, alway employ prepa- 
I'ntions which are chemically pure ; as yet we have 
never UHcd any substances, except certain dyes, which 
can not bo purified chemically. In order to insure 
clennlinesH, besides the method of preserving reagents 
lUBt mentioned, it is furthermore desirable that we 

Id not use them iu an uncleanly manner ; he who 
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dips a teasing-needle, bniah, or even his finger, into his 
rej^ents, in order to remove a drop, will never be fit 
to undei-take the more delicate investigations, espe- 
cially the examination of schizomycetes. 

Only a carefully-cleansed glass rod, or a glass tube 
which has been freshly heated, should be brought in- 
to contact with the reagent. 

" Artificial Products." — The use of reagents is 
of the highest importance in histological examina- 
tions ; many structural elements can only be studied 
by the aid of chemical influences. We, of course, 
endeavor to examine objects when they are as little 
changed as possible, in their normal — if possible in 
their living — condition ; however, it would be a great 
mistake to reject as " artificial products " all the struct- 
ures which can only be rendered visible by the use of 
certain reagents. No signs of a nucleus can be seen, 
as a rule, in the living white blood-corpuscle, and no 
cells in the living cornea, because the differences in 
the optical behavior of the nucleus and the proto- 
plasm, and of the cell and the basementrsubstance, 
are too small to become visible, or rather, because 
the surrounding substance is too opaque to allow 
the delicate outlines of the inclosed body to appear 
through them. When death ensues, on account of 
various chemical changes, as coagulation, etc., these 
differences become more marked — that is, the envel- 
oping substance becomes more transparent, and we 
are, at all events, justified in assuming that the nu- 
cleus in the living white blood-corpuscle, and the 
cells in the living cornea, are already present, although 
we are not able to demonstrate them until after 3 
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mortem change has begun ; this is precisely the case' 
■with the borders of many epithelial cells, with the axia- 
cylinders of nei've-flbrea, etc., which are also invisible 
in the lining state, but are none the less present. 
Besides this, in examinations in pathological anatomy, 
we almost never observe the tissue in its living, nor- 
mal condition, but always as the seat of more or less 
advanced cadaveric change. We must, accordingly, 
always bear lq mind that a structure which ia found 
regularly was not necessarily present as such intra 
vitam / however, it does point in every case to a dif- 
ferentiation which existed during life, and which is 
brought out by the cadaveric change, or by the 
reagent used. 

Furthermore, if among a certain number of de^ 
menta, which originaUy appeared to he identical, some- 
conduct themselves in a peculiar way toward a certain 
reagent, while others df> not^ if ^ for example, som^ curs^ 
stavned by a certain dye, whUe others remain colorless^ 
we must necessarily conclude thai there was a primi^ 
tive difference between the elements. 

Upon this principle are founded all of the mett- 
ods of preparation, some of them very complicated, 
which are employed for the exhibition of the different 
histological elements. From this simple observation 
it is evident what attitude we have to assume toward 
the microscopical images that are produced by our 



We must not be confused by the expression 
" artificial product ". ; in former times many impor- 
' 't histological discoveries were at first discredited 
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In ov/r microscopical investigations, we do not, as 
a rule, act simply as observers, but we eapei-mienf, 
and our results are consequently made iip of pre- 
formed ohjects on the one hand, and of factors intro- 
duced by ourselves on the other. 

He would certainly be ever liable to the gross- 
est errors, who should decide upon the question of 
original structure simply from his owu results, with- 
out regard to these relations, which are generally 
very simple ; an apparent liber, for example, may 
either correspond to a genuine pre-eslstent fiber, or 
may represent a fold, or a production of coagulation, 
etc. 

In our pathological examinations especially, we 
employ reagents for still another purpose. We often 
have the task of searching for certain elements, for- 
eign bodies, parasites, etc, ; if, now, we know that 
these elements which are sought for resist certain 
reagents and methods of treatment, while other sub- 
stances are destroyed by this same treatment, then 
we have a very useful method of examination for our 
definite purpose, although the structural relations of 
the organ are entirely lost. 

It follows from all this that microscopy, especially 
if it is concerned with pathological objects, should not 
be regarded as a purely mechanical process, for it fre- 
quently requires a certain amount of care and circum- 
spection, even in the choice of the nwdus procedendi. 

Micro-chemical Examinations. — Micro-chemical 
examinations are so conducted that either the speci- 
men remains for some time in contact with the re- 
agent (for example, it is placed in a watch-f ^ id 
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■with the reagent, and is then examined under thea 
microscope), or in such a way that the reagent acts^ 
upon the specimen while the latter is actually under 
the microscope. With this object, the reagent ia 
placed at the edge of the cover-glass, and gradually 
makes its way toward the specimen ; we can hasten 
this process by absorbing the fluid with blotting- 
paper at the opposite edge of the cover-glass. In 
this way the influence of the reagent may be directly 
observed under the microscope — for instance, the so- 
lution of granular protoplasm, of the red blood-cor- 
pusclea, and of lime, under the action of acids, etc. 
The beginner must naturally be extremely careful J 
that the reagent does not get upon the upper surface ] 
of the cover-glass; in that case the object-lens of the! 
microscope might very easily be injured. Other cod> I 
plicated reactions, especially most of the stainingl 
processes, are usually undertaken in watch-glasses ;1 
after having been acted upon by the reagent the*! 
specimen is compared with a model, or the same ob«a 
ject is sketched first before, and then after, it hara 
been treated. ■ 

The reagents principally employed are the follow'-^ 
ing: I 

1. Distilled Watee. — Distilled water, as a rule, J 
still contains small quantities of dissolved substances, 1 
and it furnishes (especially in summer) a favorable I 
nidus for various minute organisms. If, therefor^ 1 
micro-organisms are found in a specimen which has 1 
been treated with distilled water, this error must be I 

rded against ; they can easily be removed by re- 1 
id boding. The water diffuses at once, and very I 
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actively, into most portions of the fresh tissues ; in 
every case the vital properties of those elenaents of 
the human body which have been isolated in dis- 
tilled water very soon vanish. The dead cellular 
elements, removed from the cadaver, are likewise es- 
sentially altered ; the most rapid change takes place 
in the red blood-corpuscles ; they swell, discharge 
their coloring-matter, and soon become perfectly in- 
visible. 

The method of employing distilled water in the 
examination of fresh tissues, and its limits are briefly 
as follows : We use it by preference in those cases in 
which we desii'e for our purpose to remove quickly 
from substances very rich in blood the blood-corpus- 
cles, which, on account of their large number, fre- 
quently trouble us by concealing the other ele- 
ments ; however, we must never forget that the tis- 
sue itaeK may at length be essentially changed by the 
water. 

If we are working with alcoholic specimens, dis- 
tilled water simply causes them to swell, and gener- 
ally in a symmetrical manner, so that nearly the orig- 
inal gross relations are restored. It is only seldom 
that further changes are induced in this instance, 
since the essential parts of the tissues, the albumin- 
ous bodies, are coagulated — that is, they are trans- 
formed into a variety that is insoluble in distilled 
water. However, we must always keep in view the 
fact that the diffusible substances that are soluble 
in water, as glycogen and sugar, are quickly removed 
from the sections. 

2. Salt-solution of 0-8 per Cent. Indiftek- 
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ENT Fldid. — The most varied micro-organisms vei 
Boon develop in this in great numbers ; the fluidfll 
must therefore be very often renewed. I strongly I 
advise against adding antimycotic substances, since! 
we then no longer have a pure salt-solution ; on the I 
other hand, the solution may easily be sterilized by ' 
boiling. 

In ortler to preserve the protoplasm and the red 
blood-corpuscles aa nearly intact as possible, a salt- 
solution of 0'8 per cent is employed, the usual fluid 
in pathological examinations, which is suitable for 
sections of fresh tissues, aa well as for the dilution of 
liquids. If we are particularly interested in preserv- 
ing the vital properties of the cells for a longer pe- 
riod, we add to nine parts of the salt-solution one 
part of egg-albumen — the so-called artificial senim — 
or we use aqueous humor, hydrocele-fluid, transudar 
tions, blood-serum, etc. 

3. Absolute Alcohol. Haedestng. — Always 
use the purest alcohol possible, and never the ordi- 
nary spirit, which, in addition to the water that I 
it contains, is always contaminated with other sub- \ 
stances, and frequently even has an acid reaction, f 
In case we desire to use dilute alcohol, the absolute j 
alcohol is mixed with the necessary amount of dis- ] 
tilled water. 

Alcohol diluted with two parts of water is some- 1 
times used as an agent for the isolation of tissue- 
elements (Ranvier) ; while the cells become capable j 
if resistance when placed in it, the cementing sub- 
mces remain soft, so that the isolation of cells, 
iich Bfip-med previously to be fused together and J 
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to be attached to the intercellular substance, is an 
easy matter. To this end the bits of fresh tissue are 

I immersed for about twenty-four hours in thirty-three 

I per cent, alcohol. 

The principal use of alcohol, however, is in the 

' hardening of tissues, so as to give them a proper con- 
sistence for cutting. The process of hardening de- 
pends essentially upon two factors— the abstraction 
of water, and the coagulation of albuminates ; beside 
this, alcohol removes from the pieces of the organ 
certain extractives, which are of no morphological 
importance, and a small amount of fat. 

The immediate inference from this is that in all 
cases we can form a correct conclusion regarding the 
amount of fat in tissues (in pathological fatty degen- 
erations, for instance) only by the examination of 
fresh organs, and never in alcoholic preparations. 

Through the abstraction of water there naturally 
occurs a diminution, or shrinking of the specimens ; 
if the different portions of the same object con- 
tain unequal amounts of water, the shrinking wiU 
take place in an uneven manner, and the specimen 
will be deformed in a veiy undesirable way. How- 
ever, the form is generally quite well preserved, and 
corresponds to the diminution of the preparation due 
to the action of the alcohol ; the sections swell up 
again if they are immersed in distilled water (through 
the absorption of water), so that they then resemble 
very closely their original condition. The main dif- 
ference consists in the opacity of the sections, occa- 
sioned by the granular, coagulated albuminates, and 
this remains even after they have become swollen in 
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water ; aa a remedy for tliie evil we generally use 
glycerin (q. v.) aa an optical clearing-agent, or even 
acids and alkalies, by which the precipitated albu- 
minates are redisaolved, although many structures 
ai'e destroyed at the same time. Hardening in alco- 
hol is best efiected by placing amall fragments of 
organs in large quantities of absolute alcohol ; in this 
way it is evident that the piece is entirely surround- 
ed by the fluid. 

A piece two or three cubic centimetres in size 
can thus be thoroughly hardened within twenty-four 
hours, and smaller bits still more rapidly. 

The method, fonnerly in frequent use, of im- 
mersing the organs first in weak alcohol, and then in 
that of gradually increasing strength, has properly 
been altogether abandoned. 

Alcohol is the best hardening-fluid for most tis- 
sues ; * we employ it almost exclusively for this pur- 
pose. In the case of morbid specimens, it is of es- 
pecial importance to us that the changes iu their 
substance, occasioned by the method of preparation, 
should be simple and such as can be readily con- 
trolled ; this is the action of alcohol, while the pro- 
cess of hardening in chromatea, formerly so popular, 
which varies according to the differences in time, 
temperature, etc., causes changes, as clouding and stain- 
ing, which it is very difficult to obviate. 

A few little devices, which sometimes become 
necessary, are almost self-evident ; for example, the 
p^- "- apt to shrivel up very quickly ^vhen placed in 

already been mentioned, Lardening in alcohol is not adapt- 
iuations of fatt; tissnea. 
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alcohol. This condition can easily be remedied by 
injecting the fluid into the vitreous humor with a hy- 
podermic syringe, during the early part of the hard- 
ening process, until the firmness and roundness of the 
globe are restored. This process must subsequently 
be repeated. 

Many tissues, such as lung, muscle, etc., do not 
acquu'e a proper consistence for cutting, even after a 
long stay in alcohol ; * it is advisable in these cases 
to immerse the imperfectly hardened specimen for 
twenty-four hours in thin mucilage — equal parts of 
mucilage and glycerin. If the specimen saturated 
with solution of gum is again placed in alcohol, it 
hardens very evenly and firmly, since the gum is pre- 
cipitated by the agent. The gum is very soon dis- 
solved out of the sections when they are immersed in 
water. For the central nervous system alone, at least 
for the white substance, alcohol is not well adapted. 
In this instance its hardening effect is imperfect, cor- 
responding to the smaller amount of water ; besides 
this, alcohol abstracts a large part of the fatty mat- 
ters of the nerve-medulla, which are then precipi- 
tated in a crystalline form, so that the tissue ia great- 
ly injured. 

I have never been able to dispense with the 
chromates in the treatment of these important or- 
gans. 

4. Ether. Chlobofoem. The Removal of Fat. — 
Both substances are frequently employed in order to 
remove fats. As a matter of course they do not act 

• This ia Bometimes the case with rather old alcoholic prop' 
irbicli are intended to be further hardened. 
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upon fresli tissues, since these are saturated with Tva- 
ter, and chloroform and ether do not mix with water. 
The pieces (or sections) of an organ must first be. 
dehydrated by treating them for some time with 
alcohol. The section fi'om which fat is to be re- 
moved is then placed for about five minutes in a 
watch-glaaa filled with absolute alcohol, and then in 
a watch-glass containing ether or chloroform ; if the 
fluid becomes clouded, it is a sign that the section ii 
not yet Bufiiciently dehydrated, and it must be again 
placed in absolute alcohol When it has remained 
for a few minutes in ether or chloroform,* so that 
the substances soluble in it are entirely removed, the 
section is transferred to alcohol for some time, and. 
then to a watch-glass filled with water. It is exam- 
ined either in water, or, as a rule, on account of the 
extreme clouding, due to the coagulation of the albu- 
minates, acetic acid must be added in order to redis- 
solve the albuminates. The order which is followed 
in the process of removing fat from fresh tissues is 
this : 

Salt-solution or water. 

Alcohol. 

Chloroform or ether. 

Alcohol. 

Water to which acetic acid is added. 

5. Acids, (a) Sulphuric, Hydrochhiic, and Ni- 
tric Acids I Decalcification. — The strong mineml 
acids, when highly concentrated, possess the prop- 
* In chloroform the sections become at once quite transparent ; this 
does Dot depend upon the solution of the fats, Ijnt is a simple physical 
'''■—■ — nnon, due to the high indei of retraction of chloroforni. If 
■) alcohol the section immediately ehows its former opacity. 
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erty of rapidly coagulating albuminous bodies ; they 
can, in consequence, be used with advantage for fixing 
certain very delicate structures, as the so-called nu- 
clear figures. According to Altmann,* it is best to 
immerse the pieces of organ for a short time (about 
one second) in a three-per-cent solution of nitric acid, 
having a specific gravity of 1020, then to wash them 
in distUled water, and to harden in absolute alcohol. 
Flemming and other authors use a still stronger solu- 
tion of nitric acid for the same purpose. When con- 
siderably diluted (about 1 to 1,000), the mineral acids 
cause essentially swelling of those substances which 
contain the most protoplasm (such as contractile or 
gelatinous tissue), the same as acetic acid. 

The same reagents are used also to remove lime- 
Balta. In order to make good sections through cal- 
careous parts, such as bones, teeth, calcified tumors, 
etc., the lime must be removed ; we seldom employ 
the earlier method of examining thiuly-ground sec- 
tions. This removal is accomplished most quickly 
by means of dilute hydrochloric or nitric acid. A 
one-half per cent, solution of the acid is used, and this 
is mixed with alcohol containing sodium chloride, in 
order to avoid the swelling of the basement-substance. 
The formula is as follows : 

Hydrochloric acid . . 5 pM^B. 

Sodium chloride ... 5 " 
Distilled water ... 200 " 

Alcohol 1,000 " 

The decalcifying fluid must be frequently changed, 
as it then gives quite brilliant results. 

• Altmann, " Aroh. fQr Aoat. and Physiol.." 1881. 8. 210. 
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A solution of chromic acid (about one per cent' 
or a saturated solution of picric acid, acts rather mo] 
slowly (Eanvier). 

Moreover, we often find in a microscopical pj 
aration deposits darker tlian the aurroimding tissues^' 
which lead us to Buspect that we have to do with 
lime. We are convinced that they are lime if we 
observe that their dark outline disappears on adding 
an acid ; in most cases the lime is combined mth cai-- 
bonic acid, so that on the addition of acid there oceui's 
an active development of gas, presenting under thi 
microscope a very elegant and striking picture. 

If sulphuric acid is used, sulphate of lime, or gyp 
sum, is formed, which is soluble with diflSculty au{ 
crystallizes rapidly, in beautiful j^risms, often unitiuj 
to form tufts. Gypsum-crystals are exquisitely doubj 
le-refracting, as we can prove at once by means of 
Nicol's prism attached in front of the eye-piece. 

Many cementing-substances are soluble in stroM 
acids ; for example, a twenty -per-cent. solution o| 
hydrochloric acid, or a thirty-tkree-per-cent. solutio 
of liquor potassce, is used to isolate smooth muscli 
fibres. In order to isolate the urinary tubules over 
a wide area, so as to demonstrate their complicated 
course, strong hydrochloric acid is employed, with tlie 
application of gentle heat ; however, this method 
not yet come into use in the study of nephritis. 

(S) Acetic Acid. — Organic acids, especially acefct 

j' re very often used in our work; they are prin- 

I ■ employed to dissolve, or to cause to swell, the 

nates and the gelatinous substance of which 

'e-tissue fibrils are known to consist. 
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Since the substance of nuclei and elastic tissue, fata, 
the medulla of nerves, etc., resist acetic acid, this is a 
very convenient agent Tvith which to expose the nu- 
cleus that is concealed within a darkly-granular cell, 
and ttie elastic tissue that is distributed throughout 
the connective tissue, in the substance of muscles. 
By the action of acetic acid also the fatrgranulea, 
deposited in protoplasm, in the contractile substance 
of rauacles, etc., appear much more clearly. The 
micro-oi^anisms which are present in the tissues be- 
have in the same way. 

Acetic acid acts in the manner described, even in 
a dilute solution of 1 to 100 ; in a solution of 1 to 
1,000, also, its clearing action is still apparent, only it 
is somewhat slower. 

If a section from a fresh oi^au, or from an alco- 
holic specimen, be placed in acetic acid, in a watch- 
glass, it generally becomes quite transparent, and at 
the same time it swells considerably ; this swelling 
usually takes place in an uneven manner, so that the 
section assumes a coarse, wavy character. It thus 
becomes nearly useless for examination. It is better 
to allow the acetic acid to act upon the sections be- 
neath the cover-glafis ; a momentary raising of the glass, 
so as to allow the air to get under it, is sufficient to 
permit the drop of acetic acid, which has been placed 
at its edge, to make its way beneath, while the slight 
pressure of the cover is enough to preserve the even 
shape of the section. If the action of the acetic acid 
is to be rapid and energetic, the undiluted acid (glacial 
'acetic) is used ; for most purposes, however, it is ad- 
visable to dilute it with a little distilled water. 



._1 
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In many substances, which are saturated with al- 
kaline albuminous fluids, acetic acid at first causes a 
clouding, due to the neutralization of the alkali ; if 
more acid be added, this cloud clears up. How- 
ever, a permanent opacity may be occasioned by 
acetic acid, wiiich is not cleared np by excess of the 
acid ; that is, mucin is precipitated by it. Fibrin, 
serum-albumin, and mucin are often found togetha 
in exudations, in the contents of cysts, etc The ao] 
tion of acetic acid will vary according to the quaa». 
titative relations of the mixture ; in most cases sub- 
stances are rendered very clear and transparent by it. 

With the marked swelling that acetic acid occa- 
sions in albuminous and gelatinous bodies, it is not 
surprising that the outlines which appear after the 
action of the acid, as well as the borders of the 
etructiires that resist it, do not always remain 
entirely unchanged. As far back as IS-iO Henle 
called attention to the fact that the several nucla 
which appear in white blood-corpuscles, pus-corpua- 
cles, etc., after being treated with acetic acid, vrere 
not preformed, but that these contained only a single- 
nucleus, which through the action of the acid waa 
broken into several pieces. This actually occurs in. 
many cases. Although we now know that some of 
the lymphoid cells, even in the living state, possess 
several nuclei, it is, nevertheless, highly important to 
remember that the nuclei that appear in a cell after 
it has been exposed to the influence of acetic acid 
may possibly represent artificial products, or frag- 
ti a nucleus originally single. 
mnective tissue acetic acid often causes aa 
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essential ciange of stracture ; for instance, the reg- 
ular rows in which the cells of tendons and fascias 
are arranged, are not usually to be distinguished 
after the swelling due to acids, while the nuclei are 
apparently strewn about in disorder. Eanvier took 
the precaution to fix upon a slide a small tendon, 
which was kept in a state of tension by means of 
little baUa of wax applied to its ends, to cover it, 
and then to allow acetic acid to act upon it slowly ; 
the swelling then occurs less irregularly, and the ar- 
rangement of the nuclei in rows becomes clear. 

The beginner is strongly advised to convince him- 
self of these and similar facts by personal experiment, 
in order that he may be in a position to decide what 
change he is inducing in structures by the addition of 
different fluids. 

Formic and tartaric acids ai'e less used ; their ac- 
tion is similar to that of acetic acid. 

(c) Picric Acid. — Picric acid, on the contrary, has 
a special use — namely, as a hardening and a staining 
material ; the albuminates ai'e gradually transformed 
in a saturated solution of picric acid into the insolu- 
ble variety, so that the tisanes, with hardly any 
shrinking, assume a consistence proper for cutting. 

Most substances are stained yellow at the same 
time, some very intensely, as smooth muscles, the 
homy cells of pavement epithelium, and of the epi- 
dermis, etc 

This characteristic staining also occurs very beau- 
tifully in sections which have been made from alco- 
holic specimens, and, indeed, in a very short time, 
within a few minutes ; however, it is soon soaked 
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out again by the action of water and alcohol. If we 
desire to preserve the staining, a small quantity of 
picric acid must be added to the water, alcohol, or 
glycerin. 

(d) Chromic Acid ; Ch-omates; Muller's Fluid. 
— Chromic acid, when very dilute (about 1 to 10,000 
or 1 to 20,000), is used as a maceratiog-fluid ; if a 
small piece of spinal cord, for example, be placed 
in such a solution for twenty-four hours, it is then 
very easy to isolate the ganglion-cells with their 
numerous branching processes, while the cementing- 
substance ia softened or dissolved. The action of 
chromic acid as a hardening agent is more important 
for our pm-poses ; we use either a solution of the 
acid (having a strength of from one fifth to one per 
cent.), or else its salts. The principal ones in use are 
the bichromates of potassium or ammonium in a solu- 
tion of about two per cent. ; Miiller also added sul- 
phate of sodium to a solution of the bichromate of 
potassium. The following is the formula for Muller's 
fluid: 

Bichromate of potassium . 2 parts. 

Sulphate of sodium . . 1 part. 

Distilled water . . . 100 parts. 
It ia much used as a hardening-fluid for the nerv- 
ous system and the eye. 

Perfect hardening occurs very slowly, only in the 
course of weeks and months, and the more slowly 
the larger the immersed pieces are, since the chro- 
mate penetrates gradually into the interior of speci- 
mens ; six months or a year may be allowed for a 
cerebral hemisphere, but it has then a Ann consist- 
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ence. The hardeniag-fluid must be frequently changed, 
and in order to prevent the formation of mold in 
the solution a bit of camphor is added (IClebs). 
According to Weigert the hardening takes place 
much more rapidly if it ia carried on in an incubator 
at a temperatui'e of 30° to 40° C. ErUtzM suggests 
a fluid consisting of two and one half per cent, of 
bichromate of potassium and one half per cent, of 
sulphate of copper ; iu this preparation hardening 
occurs very quickly (in from eight to ten days) even 
at the temperature of the room. 

The specimens are then placed in alcohol, which 
can be afterward slightly diluted. 

The central nervous system after this treatment 
assumes a very even, firm consistence ; at the same 
time it shows, even to the naked eye, certain charac- 
teristic differences in color. The gray substance ia 
distinguished from the white by a brighter staining, 
while the latter becomes dark green ; the usual form 
of gray degeneration, or sclerosis, in the white col- 
umns shows a dark brown shade, while moat of the 
secondary degenerations take a brighter staining, 
even in those cases which did not display in the 
fresh state any difference in color between normal 
and degenerated ijortions. As regards other organs, 
hardening in solutions of chromic acid, or the chro- 
mates, formerly very popular, ia to be recommended 
only in rare cases ; except in the case of the nervous 
system and the eye, we much prefer hardening in 
alcohol, supplemented by the process of soaking in 
mucilage. Fibrous, or net-like, coagula are often pro- 
duced by the chromates, and these may be erroneous- 
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ly regarded as preformed bodies; furtliermore, the 
dark, granular precipitates wixhin cells and inteiBtitial 
tissuea, due to their influence, are often quite trouble- 
some, and are very difficult to clear ^up by means of 
chemical reagents. Deposits of lime are gradually 
dissolved by chromic acid and the bichromates, and 
may thus escape observation. Micro-chemical reac- 
tion can, as a rule, no longer be employed with speci- 
mens which have been ti-eated with chromatea ; for 
these and other reasons, the latter are recommended 
as hardening agents only in those cases in which 
alcohol does not act favorably, on account of the 
peculiar chemical composition of the tissue — in fact, 
only in the nervous system, or in organs that are 
very fatty. It is always desirable to watch the re- 
sults in freshly-examined or alcoholic specimens, on 
account of certain lime deposits which, through the 
action of chromic acid and its salts, may readily I 
completely dissolved and escape observation. 

The simple chromate of ammonium, in a five-pei 
cent, solution, was used with great advantage bj 
Heidenhain, especially in demonstrating the rod-1 
structure of the epithelium of the renal tubule* 
The agent is also to be recommended in pathologies 
examinations, 

6, Alkalies. Liquoe Potass.e and Liquo^J 

SoD^ Amsionia, — Alkalies cause a breaking up, c 

swelling, of albuminates, of gelatinous material, 

the contractile substance of smooth and striated mu 

ee, and of nuclei ; even homy structures are reai 

1-^ perfectly transparent by these. About thil 

fi-elements that resist are elastic tissue, fata 
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(including nerve-medulla), lime, pigment, etc., and 
amyloid material, beside cliitin (the hooka of tseni^, 
and echinococci), cellulose, threads of fungi, sporea, 
and schizomycetes. From this it is at once evident 
how frequently we make use of alkalies ; they come 
into play whenever we are looking for the bodies 
last mentioned. The structure of the tissue ia, of 
courae, almost entirely destroyed. While we can 
always gain a pretty good idea of a section that has 
been perfectly cleared by acetic acid, when alkalies 
are used everything disappeai-a and we have no 
guides except the elastic tissue and the homogeneous 
membranes. Liquor potassae or liquor sodse (in a so- 
lution of from one to three per cent.) ia best used for 
most purposes ; the clearing action begins at once, 
even with this dilution. The concentrated lye (thirty- 
three per cent.) has a special action ; in this solution 
most of the elements are preserved, while the cement- 
substance is dissolved. This applies particularly to 
smooth and striated muscular fibers. If, for exam- 
ple, a bit of a uterine leio-myoma is placed for a 
few minutes in a watch-glass filled with a thirty-three- 
per-cent. solution of liquor potassae, it separates into 
its individual fiber-cells under the needle, ahnoat of 
itself ; only care must be taken that the lye does not 
become diluted, for in that case the fibers themselves 
at once dissolve. The preparation must be examined 
directly in the lye. 

Even red blood-corpuscles preserve their shape in 
the thirty-three-per-cent. aolutioQ, whUe they at once 
disappear in dilute solutions. 

Accordina; to an observation of Virchow, weak 
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alkaline solutions are able to excite the movementB of 
ciliated epithelia after they have become motionleaa 
and apparently dead. 

7. Gltceken. — Glycerin must, above all, be with- 
out a trace of acid ; a small quantity of water does 
leas harm. It is generally used in a pure form, Bince 
when diluted with water it is very apt to become 
moldy. Glycerin is of great value in the histologi- 
cal examination of oi^ana which have been hard- 
ened in alcohol, and in other fluids that coagulate al- 
bumen, such as picric and chromic acids and their 
Baits, During this process the tissues have necessa- 
rily become much clouded ; if acids or alkalies are 
used, in order to dissolve the albuminous granules 
that have been precipitated by the hardening agent, 
many other structures are destroyed at the same 
time, such as connective-tissue fibers, fibrin, and 
blood-corpuecles. 

For these eases, therefore, glycerin is used as a 
clearing agent. The clearing action of this fluid is 
due, not to the chemical solution or swelling of th^ 
albuminous granides (fat alone is gradually dissolve^ 
in glycerin), but rather to a physical force, to itj 
high refracting power. We can at once demonstratl 
this action to ourselves by comparing the outline 
a glass rod which is dipped iu water with that of j 
Bimilar rod dipped in glycerin ; the latter is muc| 
more delicate. Or, if one piece of filter-paper is s 
rated with water, and another with glycerin, the I 
ter becomes much more transparent. The outlind 
of a fragment of tissue which has been moistenef 
with glycerin are altogether more delicate; glycol 
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in is therefore useless for the examination of most 
freah tisanes, the elements of which already possess 
delicate ontlines, since the latter then become almost 
invisible. On the contrary, the degree of transpar- 
ency effected by glycerin is peculiarly adapted for 
alcoholic specimens. It may be said that since ita 
introduction into microscopical technology the ex- 
amination of oi^ans hardened in alcohol has reached 
its full development. Glycerin mixes with water, 
also with alcohol, acetic acid, etc., in all proportions, 
but rather slowly because of its simpy consistence, 
BO that a glycerin-preparation is a suitable one for 
the induction of a rapid chemical reaction, for ex- 
ample, the action of iodine or an acid. However, 
it ia very easy to remove glycerin from the prep- 
aration, by simply placing it in a watch-glass filled 
with water. 

Glyceiin has also the well-known propeity of 
neither evaporating when exposed to the air, nor 
undergoing any other chemical changes ; at the most 
it only absorbs a little water, under some circum- 
stances. This property renders it an excellent ma- 
terial for the preservation of microscopical speci- 
mens. If we desire to preserve a preparation which 
is in water, or a watery solution, it is only necessary 
to place a drop of glycerin upon the edge of the 
cover-glass; the glycerin flows under the cover as 
the water evaporates. Fresh preparations may also 
be kept in this way ; if the glycerin is subsequently 
displaced by water or salt-solution, the original con- 
dition is restored. 

The dark shading, and the shining appearance of 
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the elastic fibers and laraia^e, are only slightly dimiu 
ished in glycerin, since theii' refractive power is coil 
siderably higher than that of the latter ; on the coa 
trary, the characteriatic hister presented by amyloid 
material, and by Kecklinghausen's so-called hyali] 
and other colloid bodies, when examined in waterj 
fluids, disappears almost entirely in glycerin, sincj 
their refractive power differs only very slightly 
from that of the latter. On careful examination 
the difference is etill somewhat apparent in most 
cases ; it is always well to examine the specimens 
first in water, if you are looking for these objects. 
It has already been stated that small fat-drops dis- 
appear entirely in glycerin, hence glycerin-preparaf 
tions should never be used in looking for fatty 
degeneration. 

8. Acetate of Potassium, — A saturated solutio 
of acetate of potassium (as recommended by Ma 
Schultze) may also be used as a preaerving-fluid 
it does not evaporate, and is stable in the air. 
has only a feeble clearing power, hence it is to 1 
employed especially for keeping fresh objects tha 
have not been hardened. This method is quite 
ful for preserving fatty degenerated tissues ; bofl 
ever, the outlines of the fat-drops and, in time, thd 
original distinctness, is lost. 

9. Oil of Cloves. Canada Balsam. — If w 
wish to clear preparations more thoroughly (esp 
ciaUy after they have previously been stained ii 
tensely), we use oil of turpentine, or, what is to b 
recommended more highly, oil of cloves ; other eti 

L real oils, such as oil of cedar, origanum, cinnamoi 
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I bei^amot, anise, etc, also xylol and phenol, act in a 
I similar way. 

Every one can select that substance which is least 
I disagreeable to his olfactory organs. These fluids 
I are either not at all, or only slightly, miscible with 
I water, so that the sections that are to be cleared 
are first dehydrated with alcohol ; it is enough to 
\ place them for a few minutes in a watch-glass con- 
taining alcohol, after which they at once become 
■ saturated with oil of cloves. The sections thus at- 
' tain the highest degree of transparency ; the refract- 
ive power of the fluids mentioned is very great, much 
< greater than that of glycerin, and nearly the same as 
that of glass. The most resistant outlines of the ele- 
[ ments of animal tissues disappear almost completely 
under this treatment ; in unstained preparations near- 
L ly everything vanishes, as a rule, and even elastic 
* fibers are difficult to recognize, especially if open 
illumination by means of the Abbe-Koch condenser 
is used ; but the stmned portions appear so much the 
I more distinctly. With this method of examination, 
therefore, we must always teep in view the fact that 
I moat of the structures have been purposely excluded 
I from our view. Specimens thus prepared can at once 
I be permanently preserved in resinous mounting-mate- 
rials ; we generally use Canada balsam, or xylol, di6^ 
I solved in equal parts of chloroform. A eolation of 
mastic in chloroform is used, abo dammar-varaish, etc. 
The oil of cloves is absorbed by fine bl<rtting- 
paper, and its i>iace ia gradually occupied by tlie 
Canada balsam, which is deposited at tlie e<]g« of the 
cover-glass. 
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Eeagents used is the Process of Statning. 
The PEUfciPLES of Staining. — The art of staining 
has become every year more important and m( 
pensable. Among the resulta obtained by etaini] _ 
the most striking was the discovery of vegetable 
parasites. Weigert, Ehrlich, and Koch have won 
the highest distinction in this field ; the very valu- 
able studies of Ehrlich related substantially to tha 
theory of the action of dyes. 

The principle in staining is, therefore, that certah 
elements of tissues, and also of cells, appropriati aciiz 
ly, or in large qvantity, from the solution employed, 
certain dye, and form with this a combination ha/vir. 
cm vntm.se color, that is more or less pei'manent. 

The relation of the different substances of thi 
human body to the different dyes is naturally a high* 
ly complex one, and we have gradually learned to 
recognize the fact that for almost every tissue-eli 
ment there is a special dye, or a special method o 
staining, by the action of which it takes a deep cl 
acteristic color, such as distinguishes it from othi 
tissue-elements. 

Hence, in many instances staining assumes the ii 
portance of a chemical reaction, by means of Wi 
any particular structure, that lies concealed am 
other bodies, can be h-ought easUy and conveniently 
iTito pronninence. 

This " elective " action of dyes is of extreme 
portance in pathological investigations, as will 
once be evident ; elements which, because of thei 
delicate contours, are only to be recognized after vei 
''xamination, in the midst of the confused 
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masa of other structures, after "isolated" etaining, 
are seen at once, even at a cursory glance, and 
often with a low power, so that we are soon 
compensated for the time spent in the staining pro- 
cess by the gain in convenience and accuracy. The 
process of staining alone frequently diselosea to us 
existing differences in tissue- and ceU-elementa which 
had previously appeared to be perfectly identical. 

It has already been stated that the perfect appli- 
cation of the results of staining was first attained by 
means of the open condenser, or Abba's illuminating- 
apparatus. The technique of dyeing is usually this : 
A section is transferred from distilled water to a 
dish filled with the staining-solution, with which it 
is entirely covered ; it remains in this for different 
lengths of time, varj'ing from a few minutes to 
twenty-four hours, and is again immersed in distilled 
water, in order to wash away the portions of the 
dye that are adherent to its exterior ; it is then ex- 
amined, either in glycerin directly, or in oil of cloves, 
after dehydration with alcohol. The rationah of the 
staining process in this case is simply that certain 
elements take the dye, while others remain unstained. 
This is called " election," 

In many cases, however, the section which has 
been removed from the staining-solution and washed 
is subjected to further manipulations ; it is again de- 
colorized, that is partially. In this instance there 
has occurred at first a diffuse, even, but unnecessary 
amount of staining ; but during the supplementary 
process of extraction, while certain elements give up 
their staining completely, others, that have a sti-onger 
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affinity for the dye, retain it. This is called by El 
lieh the prlnci[)le of maximum staining, Tliis p: 
cess, which indeed was firat employed by the author, 
now plays a prominent part, especially in staining 
with aniline dyea ; alcohol, or acids, serve as the oi 
nary extracting-agent. 

It is only in exceptional cases that it is advisabl 
to undertake the staining of a section under the' 
cover-glass ; the dye ia uneven and is confined to 
the edges. Isolated elements, such as cells, can sotae- 
times be stained under the cover ; however, in thj 
case also, the method of coloring dry preparations 
employed by Koch and Ehrlicli, is, as a rule, muc] 
to be preferred. (Compare the section on " The Ej 
amination of Fluids.") 

It has long been the custom in embryologies] an( 
zoological investigations to stain organs or animal 
in toto ; alcoholic fluids, especially, have been coi 
pounded which effect simultaneously the hardenir^ 
as well as staining, of the preparations. The advaffl 
tage is that the section can be transferred almosi 
directly from the microtome to the slide for examina 
tioD ; aside from the shortness and convenience of ti 
process, there is far less danger in this way of injuij 
ing or destroying the section during the different ael 
of staining, washing, etc. But I believe that thi 
method is seldom adapted to our ends ; in many, h 
deed in moat cases, we have firet the task of giving 
definite opinion concerning a concrete, practical cj 
and we must therefore always leave ourselves tly 
opportunity of applying every available test to thi 
specimens under consideration. We should blocj 
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our ovm path, as it were, if we carelessly adopted the 
method employed in oorraal anatomy, since the rehir 
tions are totally different. The normal anatomist, for 
instance, examines as many eyes as he chooses in 
order to decide upon a scientific question ; every nor- 
mal eye is therefore of equal value to him, and for 
every variation in his method he can use a new speci- 
men. But ive are often limited to the single speci- 
men before us, from which we must decide upon 
the structural changes that have occurred. To this 
end we must take care to obtain from the object 
(which has been changed as little as possible by 
freezing, hardening in alcohol, etc.) a series of sec- 
tions, made through the diseased parts, which we 
may regard as somewhat similar specimens. We 
may then treat these sections according to differ- 
ent methods, and experiment with them, in order to 
study the changes from every side. We can never 
know what surprises we are about to encounter in 
the interior of diseased organs, so that a simple way 
of preparing objects, which disturbs them as little 
as possible before they have been dissected, is the 
best one for us. It is impossible for us before begin- 
ning the examination to adhere to a fixed method, 
but we must reserve for ourseh'es the possibility of 
taking the longer (since it is the necessary) road, ac- 
cording to the result of examination, with which we 
are not yet thoroughly acquainted. 

We shall, therefore, not describe in this volume 
the process of staining entire organs ; if any one 
wishes to employ it, he will obtain the necessary 
hints from Grenacher ("Archiv. fiir mic Anat.," 
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Bd. 16), and P. Myer (" Mittheilungen aua der zooL 
Station zu Neapel," Bd. 2, 1880). 

10. Iodine. — Tliis, the oldest of the stamiDg-ma- 
terials that have come into use in microscopic ex- 
aminations, is still used very fi'equently in the fru ity 
of Lugol's solution. Iodine, insoluble in pure watei 
is readUy dissolved in a solution of potassium iodide 
the following mixture is used : 

Pure iodine 1 part. 

Iodide of potassium ... 2 parts. 
Distilled water . . . . 50 " 
This solution can be diluted to any desired extent, i 
necessary. It should be observed that it is difficu] 
to preserve the iodine-ataining in water and glye* 
for any length of time ; iodine always forms merel 
a loose combination with organic bodies, and gradi 
ally evaporates, when the staining vanishes. Eve: 
when the preparations are carefully mounted, it i 
apt to disappear in a few years at the latest. The; 
can not be kept in Canada balsam at all, since tb 
color is at once extracted by alcohol. On the othe 
hand the iodine-staining seems to be held fast hi 
specimens that are placed in a thick solution o 
gum. Albuminous, as well as gelatinous and colloii 
substances, are readily colored yellow by the iodim 
solution ; the cells are usually more deeply staine( 
than the interstitial tissue, and the nuclei ratbel 
more deeply than the protoplasm. The cellular ela 
ments (as the columns of cells in carcinoma) can 
accordingly be brought out in fresh sections by » 
very rapid and convenient staining process. 

The red blood-corpuacles are stained dark brow 
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by iodine. The following substances give a peculiar 
reaction with the solution of iodine : 

Glycogen, 

Corpora amylacea, 

Amyloid materiaL 
Glyco^efL — In many cartilage-cells, as in those 
of the chorda dorsalis, in the proliferating layer of 
epiphyseal cartilages, even in the normal condition, 
but in an especially striking manner in rickets, aa 
well as in enchondromata, an intense wine-red stain- 
ing is obtained \vith the iodine-solution, which affects 
either the whole, or only a part, of the cell-substance. 
The reaction appears best when the rest of the sub- 
stance is quite faintly stained. The red color de- 
pends upon the glycogen contained within the cells, 
as Neumann and Jaff6 have shown ; when not atained 
with iodine the portions that are rich in glycogen 
often present a homogeneous, glistening appearance. 
From a discovery made by Claude Bernard, the same 
condition was long ago recognized in the cells of the 
chorionic villi and other embryonic structures. Boch 
and Hofmann have also, by means of iodine-staining, 
studied the variations in the amount of glycogen 
contained within the liver-cells ; Schiele, a pupil of 
Langhans, also discovered a large amount of glyco- 
gen in normal stratified pavement-epithelium as well 
as in rapidly-growing cancers, 

Ehrlich recently found that if the sections remain 
in watery solutions (it is well known that glycogen 
is insoluble in alcohol) a large pai-t of the glycogen 
is extracted from the cells, and in consequence es- 
capes observation ; he employs, therefore, in order to 
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avoid its solution or difEusion, a dilute solution of 
iodine mixed with mucilage, in whicli tlie specimens 
are directly examined and preserved. By following 
thia method Ehrlich ascertained that in diabetes 
large quantities of glycogen regularly appear in the 
epithelial cella of the renal tubules, especially at the 
boundary-line between the cortex and meduUa, 

Corpora Amylacea. — It is well known that starch- 
granules are stained an intense blue color by iodine ; 
they are frequently found in the contents of the 
stomach and intestine, and in the cavity of the 
mouth, and are positively recognized by the iodine- 
reaction ; they are often met with also as chance im- 
purities. The so-called corpora amylacea, which are 
found almost invariably in the nervous system in de- 
generative processes, and in the white substance of 
the brain and cord in elderly subjects, bear a certain 
purely external resemblance to starch-granules ; they 
are to be regarded as products of degeneration of 
the medullary sheath. They assume a deep wine-red 
color with iodine. Certain concretions also, which 
are found occasionally in the lungs, and very often 
in the prostate, are also described as corpora amy- 
lacea. All these transparent or yellowish-brown 
bodies are distinguished by their concentric lamina- 
tion, and by the fact that they stain more or less 
intensely with iodine ; the shade varies from wine- 
red to dark brown. As to their nature and signifi- 
cance little is known ; they have nothing to do with 
starch, and still less with amyloid material. 

Amyl vial. — Amyloid substance ia char- 

fterizf iue-red color which it forms with 
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iodine ; it ia better to use in this case ako rather 
weak solutions, having the shade of cognac, so that 
the reaction may take place gradually, in the course 
of several minutes, and be on that account so much 
finer and clearer. 

In many cases of amyloid degeneration the color 
changes to a dark green or blue tint on the ad- 
dition of sulphuric acid ; the sections that have been 
stained not too deeply, but only a clear yellow, are 
placed in a dish containing a one-per-cent, solution of 
the acid, when the reactiou occurs at once, or in the 
course of a few minutes. As may be inferred, this 
blue or green staining — by which the degenerated 
portions are brought out from the surrounding tissue 
in a far more striking manner than when iodine- 
staining alone is used — does not occur in all cases of 
amyloid degeneration. The sulphuric acid frequent- 
ly does not alter the shade at all, but merely pro- 
duces a saturated brown color. Furthermore, in 
many cases of amyloid change we find that some of 
the degenerated elements become green or blue when 
iodine and sulphuric acid are added, while others 
only take a dark red staining ; in several cases that 
came under my observation, for example, the arte- 
ries and vasa afferentia of the kidneys became dark 
red, while the loops of the glomeruli, on the con- 
trary, were dark blue. This colored picture, which 
by reason of its regulaiity is extremely striking, is 
not very often seen; on the contrary, the amyloid 
arteries are found for the most part to be stained red, 
only a few isolated portions bf* 'ored blue. 

These differences in staining may 3 related 
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to the age of the amyloid material, the younger por-: 
tions being colored red with iodine and sulphuric 
acid, -while the older become blue ; thus I have 
several times observed in the spleen that the arteries 
and capillaries of the enlarged follicles were stained - 
blue, while the vessels of the leas (or more recently) 
diseased pulp were stained red. Further differences 
between these two varieties of amyloid have not yet 
been established ; when no staining is used, or when 
coloring with aniline dyes is employed, only a uni- 
form appearance is seen, whereas the treatment with 
iodine and sulphuric acid brings out a striking differ- 
ence in color. The iodine reaction has hitherto been 
indispensable for the microscopical di^nosia of amy- 
loid ; amyloid shares its homogeneous, glistening 
character with other colloid and hyaline substances, 
but the latter are only stained a faint yellow by 
iodine. The red color resulting from treatment with 
aniline dyea is not always characteristic, as it ap~ 
pears ; for example, we frequently succeed in stain- 
ing urinary casts red with aniline-violet, whUe they 
are only rendered yellow (or brown if the action is 
sti-onger) by iodine.* The inference is that even the 
casts that are stained red with aniline do not consist 
of real amyloid substance, but perhaps represent an 
initial stage in the formation of amyloid. 

The chemical character of amyloid material has 
been much studied ; it is known to be a body rich in 
nitrogen, and related to the albuminates. On the 
other hand, the cause of the iodine and iodine-sul- 

•In certi"' •» OEists nro also Btaiued reddish- brown with 
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phuric acid reactions, from whicli amyloid derives its 
highly inappropriate name, is still entirely unknown. 
Nothing is known concerning the red iodine combi- 
nation and the blue bodies into which the latter is 
changed through the action of sulphuric acid. 

It should be noted that cholesterin also stains 
quite dark in a dilute solution of iodine. If a drop 
of strong sulphuric acid is allowed to flow under the 
cover-glass, a beautiful blue color also appears at the 
angles of the tables. 

11. Carmine.— The introduction of carmine stain- 
ing dates from the year 1858 ; we are indebted for it 
to Haiiing and Gerlach. 

(a) Amjnonia-carmine. — According to Gerlach's 
original formula, the carmine was dissolved in am- 
monia. Add to one part of finely powdered car- 
mine one part of strong liquor ammonia, and from 
fifty to one hundred parts of water. The mixture is 
exposed to the air for twenty-four hom-s, in order to 
allow the greater part of the ammonia to evaporate, 
and is then filtered. 

The less free ammonia there is in the solution, 
the less injurious is its action upon the tissues ; the 
solution must be frequently renewed, however, since 
it is easily ruined by the formation of mold. 

The carrainate of ammonium stains very rapidly 
a large number of the substances found in animal 
bodies. The staining ia genuine — that is, it is per- 
manent — especially if the section, after careful wash- 
ing, is placed in dilute acetic acid, for the purpose of 
fixing the color. If the preparation has not been 
washed in exactly the proper manner, it will " " ~v 
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pletely spoiled by the granulai' precipitate of carmine 
produced by the acid. 

The following parts are etained : Protoplasm, the 
nuclei of nearly all cells, the fibriUated basement-aub- 
stance of connective tissue, smooth and striated mus- 
cular fibers, the basement-substance of osteoid tissue 
and of decalcified bone, fibrin, the neuroglia of the 
central nervous system, the axis-cylinders of nerves, 
most colloid substances, etc. 

The basement-substance of hyaline carLilage, elas- 
tic tissue, horn, the medullary sheaths of nerves, fat, 
mucus, calcified bone, etc., remain unstained. 

Aramonia-carmuie is used principally for examina- 
tions of the nervous system, in order to bring out the 
axia-cylindera. 

Nerve-tissue, as before mentioned, is generally 
hardened in solutions of the chromates ; the longer 
the stay in the latter, so much the slower and 
more difficult is the staining process apt to be, 
so that it often requires several days before the 
proper shade is attained. This drawback is quite 
annoying, especially in the case of very small axis- 
cylinders (iu the optic nerve, for instance), that re- 
quire the deepest staining. The staining can be 
rendered more rapid or intense if the solution is 
placed in a compartment warmed to about 50" C. 
(Obersteiner). Under these circumstances the color 
appears in a satisfactory manner, even vrithin an 
hour. 

Hr Merekel devised another method which 

' is ^ gh commendation. Place the section 

fij ~ '" chloride of palladium (one to 
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five hundred) for about ten. mlnutea, when it is 
dyed straw-yellow; it is then transferred to the 
carmine-solution, in which it is stained red in a few 
minutes. After careful washing in water, dehydra- 
tion in alcohol, and clearing in oil of cloves, it is 
examined. By this method the medullary sheaths 
ai'e stained yellow, the neuroglia, ganglion-cells, and 
asia-cylindera a deep red. If it is desii"able to bring 
out the nuclei also, they can be shown very beauti- 
fully in the carmine section by subsequent staining 
with hffimatozylin (compare page 59). Such double 
etainings are to be highly recommended, especially 
for the examination of secondary degeneration of the 
spinal cord, sclerosis, tabes, etc. 

The diffuse red color of the neui-oglia in speci- 
mens thus prepared is often troublesome. In order 
to eliminate this, Ranvier places the sections, after 
they have been stained with carmine, in a mixture of 
one part of formic acid and two parts of alcohol, for 
from five to ten hours ; the axis-cylinders and nuclei 
then remain red, while the neuroglia is deprived of 
color ("Comptes Rendus," November, 1883). 

Aside from this, ammonia - carmine is generally 
used only for the examination of the osseous system. 
Here, too, double staining (with hsematoxylin) acts 
very well. The bringing out of the osteoid tissue, 
by means of ammonia-carmine, is of real value, espe- 
cially in the examination of rickets and osteomalacia, 
which is best undertaken with fresh specimens — that 
is, without artificial decalcification. 

Other Caemoe Dtes. — A lar^ er of modi- 

fleatioua of carmine-staining have osed and 
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recommended ; we mention here only a few of these, 
such as are especially valuable for pathological pnr- 
posea. 

(S) PicrocarmiTie (Schwarz, Kanvier). — The pi- 
crocarmine of the druggists is generally useless ; 
according to Weigert, a small quantity of acetic acid 
is to be added to this in order to form a good stain- 
ing-material ; if a precipitate occurs, it is readily dis- 
solved by a trace of ammonia. 

The author prepares a picrocarmine that stains' 
very rapidly according to the foUowing formula : To 
one part of alkaline ammonia-carmine solution (con- 
sisting of one part each of carmine and ammonia, 
and fifty parts of water) add slowly, then drop by 
drop — while stirring constantly — from two to four 
parts of a saturated solution of picric acid, until the 
precipitate that first forms is no longer dissolved by 
stirring; the greater the quantity of ammonia, so 
much more picric acid ia it necessary to add. The 
fluid is then filtered, a few drops of phenol are added 
to every one hundred centimetres, in order to pre- 
serve it, and a cloudiness that appears somewhat later 
ia readily dissolved by adding a trace of ammonia. 

This fluid is very useful for most purposes ; it 
produces a double staining within a few minutea. 
The nuclei are all colored deep red, the fibrUlated 
substance of the connective-tissue takes a faint 
reddish tinge, whUe the protoplasmic bodies, on the 
other hand, the smooth and striated muscle-fibers, 
horn, Yp ' ' ■^line and colloid substances, etc., take a 
moi'e 'ense yellow. 

tee ia often still more striking if the 
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sections after being Btained are placed for half an 
hour in a dish filled with glycerin containing hydro- 
chloric acid — one part of hydrochloric acid to one 
hundred parts of glycerin ; the picroearmine solution 
stains with especial rapidity and intensity if it con- 
tains a little free ammonia; in this case, however, 
the carmine dye first preponderates. By treating 
with the acid glycerin the red dye is first removed 
from the protoplasmic and interstitial substances, 
BO that the yellow picrine-staining becomes promi- 
nent (Neumann) ; the red color, on the other hand, 
is fixed in the nuclei at the same time. It must be 
observed, moreover, that the red staining of the nuclei 
(in neutral or acid fluids) is permanent, while the 
yellow picrine dye is soon soaked out. In order to 
retain the yellow shade, it is customary to add a 
small amount of picric acid to the water, glycerin and 
alcohol employed, until a slight tinge of yellow ap- 
pears. Then the preparations stained with picroear- 
mine can be mounted in glycerin just as well as in 
Canada balsam. 

Picroearmine is a very valuable agent on account 
of the convenient double staining that it causes, 
showing clearly the nuclei on the one hand, and the 
protoplasm of hyaline substance, of hoiii, smooth 
muscular fiber, etc., on the other. The discovery of 
tubercles in stramous granulations, and in the tissue 
of lupus, has been rendered much easier for the 
author by the employment of this method ; picroear- 
mine is also to be highly recommended in examina- 
tions of the neiTous and osseous systems, and of 
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garded ; the novice often pushes the blunt part of the 
blade against the specimen, or, on the other hand, he 
allows the edge to begin cutting at its middle. Both' 
of these eiTors must be avoided. Then care must be 
taken that the knife meets the specimen at the moati 
favorable angle. It should be pressed down as little 
as possible, but should have mainly a drawing move* 
ment ; it is, therefore, to be so adjusted, with refer- 
ence to the breadth of the specimen, that the entire 
edge is used up to ita very end. The nan'ower the 
object, the more oblique is the knife, and the mon 
economically can the section be made. In cutting 
the specimen and the knife-blade are always ke^ 
thoroughly moistened with alcohol ; the slide is to b( 
well oiled, preferably with bone-oil. 

lustead of the clamp, which is designed for hard* 
ened specimens, a lEreezing-plate or freezing-box raay^ 
be attached to the same microtome ; an ether-spray i^ 
thrown against the under surface of this, by mei 
of an atomizer, an intense cold being produced by its 
evaporation. 

A slice of any freah organ, when placed uj)on the 
upper surface of the plate, freezes at once; in this 
way very delicate and even sections^^^fc^btained 
directly from fresh jflHDS, withoiJ^^^^^B harden- 
ing. 

Thick i 
sections can J 
specimen : 
generally 1 
scale i 

ThJ 
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thinnest possible sections must be prepared, while a 
practiced investigator often purposely works with 
quite thick sections. Very thin sections have the 
following disadvantages : 

1. They are difficult to manipulate; it often takes 
a good deal of time to spread them out perfectly. 

2. It fi'equently happens that the elements, in- 
closed within the meshes of extremely thin sections, 
fall out ; this is highly disadvantageous for our pm*- 
poses, since the very objects which interest us are 
often lost. Accordingly the process of penciling, or 
shaking, specimens, which is often practiced in normal 
histology, by which thick sections are rendered trans- 
parent, is to be recommended only to a limited extent 
in pathological examinations. 

3. If we are searching for elements which aie only 
sparingly distributed through an organ — for example, 
animal or vegetable parasites — there is naturally a bet- 
ter chance of finding the same in thick sections, pro- 
vided that the latter are sufficiently transparent, and 
that the elements sought for stand out well from the 
surrounding tissue. 

4. In thick sections definite stereometric represen- 
tations of the structure of the object in question are 
frequently obtained, since a number of sections placed 

frabove the other are examined directly in situ and 
Uinuo, while in extremely thin sections plane 
;e8 only are formed. On the contrary, it is evi 
bt that some particularly delicate structures gener 
y becom*^ visible only in thin f -vhile in 

ieJ' 'onsequence of t Tim- 

y completely disi 
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For meet purposes sections of freah organs hav- 
ing a tliicknesa of 0'05 mnL, or even 0*1 mm., are 
very useful; in the case of hardened preparations 
thinner ones are generally aged, especially if they are 
stained, about OOl to 0*03 mm. being the average. 

It is a very important advantage of microtomes 
that with them sections of any desired thickness can 
be produced easily and in any number, as if from a 
manufactory. More sections are usually made than 
are needed at the time ; the rest are preserved for 
fnture use, in a small bottle which is filled with al- 
cohol. 

FcETHEE Teeatmest OF Sectiosb. — ^The sections 
are transferred from the microtome-blade (or from 
the razor or double knife) to a watch-glass filled with 
fluid, and this is best done by means of a soft, moist 
brush. The flnid used for fresh (frozen) sections ia 
Balt-solntion, and in this they are examined directly ; 
for sections made from alcoholic specimens, first alco- 
hol, and then, as a rule, distilled water are nsed. 
The sections may easUy be ruined during the further 
manipulations to which they are subjected ; to allow 
of the action of reagents and staining-materials they 
must frequently be transferred from one watch-glass 
to another, and finally be placed unharmed upon the 
slide. Slightly bent, thin spatulas are best used for 
this purpose — ^for example, strips of copper or pew- 
ter, or even of nickel-plated steel, which are brought 
carefully undei* *!>« object as it floats in the fluid ; 
J •»¥ I a thin section be lifted out 

I be placed in a new fluid. 
St first be covered with a thicV 
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layer of fluid, before the section is transferred to it ; 
tte section should slip easily from the spatula, sim- 
ply through the action of a gentle current of fluid. 
The cover-glass is then placed upon it, and the excess 
of liquid ia absorbed by means of a capillary tube, or 
by blotting-paper. The slide rests meanwhile upon 
a black glass plate, in the case of unstained objects, 
or upon a white plate, when the objects are stained. 
The toicroscopist should also keep both hands free ; it 
is a very bad habit with many beginners to hold the 
slide in the band while placing the specimen upon it. 

In order to render possible the delicate move- 
ments of the fingers, which are necessary for these 
and other manipulations, I advise that the fore-arm, 
and also the ulnar edge of the metacarpus, should be 
firmly supported upon the table ; it ia very difficult 
to mount thin sections properly when the arm is un- 
supported. 

The sections prepared from alcoholic specimens 
are transferred from the watch-glass containing alco- 
hol to distilled water ; by reason of the active move- 
ments which are caused by the currents of diffusion, 
they spread out very nicely here, and become changed 
from their shrunken, wrinkled condition into transpar- 
ent laminae. Then for the first time do they become 
fit for examination ; they are arranged upon the slide 
in distilled water, which is then in most cases dis- 
placed by glycerin, that has been placed at the edge 
of the cover-glasa. Large, delicate sections do not 
unroll 80 well in the viscid glycerin as in water ; 
smaller sections may also be placed at once in a drop 
of glycerin. 
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Eeagenta are to be kept in small glass bottles 
with ground-glass stoppers. While this principle ia 
carried out in every chemical laboratory, and even in 
every pharmacy, we constantly see many microsco- 
pists working with bottles which have dirty corks — 
a moat reprehensible custom. Even a double stop- - 
per is proper for those reagents which are constantly 
used ; we always keep our glycerin, acetic acid, dis- 
tilled water, oil of cloves, Canada balsam, etc., in so- 
called cobalt-flasks, the ground-glass stoppers of which 
are drawn out below into a glass tube, while a hat- 
shaped glass cover ia placed over the whole. The be- 
ginner should, by preserving his reagents in an abso- 
lutely clean and transparent condition, become accus- 
tomed, from the very first, to the most painstaking 
care in his work. 

We, as a matter of couree, alway employ prepa- 
rations which are chemically pure ; as yet we have 
never used any substances, except certain dyes, which 
can not be purified chemically. In order to insure 
cleanliness, besides the method of preserving reagents 

just mentioned, it is furth" re desirable that we 

should not 1 in aj y manner ; he who 
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dipa a teasmg-needle, bruali, or even bia finger, into his 
reagents, in order to remove a drop, will never be fit 
to undertake the more delicate investigations, espe- 
cially the examination of schizomycetes. 

Only a carefully-cleansed glass rod, or a glass tube 
which has been freshly heated, should be brought in- 
to contact with the reagent. 

" Artificial Products." — The use of reagents is 
of the highest importance in histological esamina- 
tiona ; many structural elements can only be studied 
by the aid of chemical influences. We, of course, 
endeavor to examine objects when they are as little 
changed as possible, in their normal — if possible in 
their living — condition ; however, it would be a great 
mistake to reject as " ai-tificial products " all the struct- 
ures which can only be rendered visible by the use of 
certain reagents. No signs of a nucleus can be seen, 
as a rule, in the living white blood-corpuscle, and no 
cells in the living cornea, because the differences in 
the optical behavior of the nucleua and the proto- 
plasm, and of the cell and the basement-substance, 
are too small to become visible, or rather, because 
the surrounding substance is too opaque to allow 
the delicate outlines of the inclosed body to appear 
through them. When death ensues, on account of 
various chemical changes, as copulation, etc., these 
difEerences become more marked— that ia, the envel- 
oping substance becomes more transparent, and we 
are, at all eventa, justified in assuming that the nu- 
cleus in the living white blood-corpuacle, and the 
cells in the living cornea, are already present, although 
we are not able to demonstrate them until a 
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Keagents are to be kept in small glasa bottles 
with ground-glasa stoppers. While this principle is 
carried out in every chemical laboratory, and even in 
every pharmacy, we constantly see many microsco- 
pists working with bottles which have dirty corks — 
a most reprehensible custom. Even a double stop 
per is proper for tboae reagents which are constantly 
used ; we always keep our glycerin, acetic acid, dis- 
tilled water, oil of cloves, Canada balsam, etc., in so- 
called cobalt-flasks, the ground-glass stoppers of which 
are drawn out below into a glass tube, while a hat- 
shaped glass cover is placed over the whole. The be- 
ginner should, by preserving his reagents in an abso- 
lutely clean and transparent condition, become accus- 
tomed, from the very first, to the most painstaking 
care in his work. 

We, as a matter of course, alway employ prepa- 
rations which are chemically pure ; as yet we have 
never used any substances, except certain dyes, whicb 
can not be purified chemically. In order to insure 
cleanliness, besides the method of preserving reagents 

'i mentioned, it is furthermore desirable that we 
id not use them in an uncleanly manner ; he who 



f 



REAGENTS. MICEO-CHEMISTRT. 63 

Bame peculiarities with regard to their action upon 
tissues, so that they may be coneidered together. 
They are all easDy soluble in alcohol and in water, 
but their alcoholic solutions are only rarely used ; we 
almost always employ the watery. It is better to 
keep on hand a concentrated watery solution which 
contains an excess of dye, and to filter off the neces- 
sary quantity from this fluid just before using. It is 
often conrenient to have, instead of this quite opaque, 
deeply colored solution, a thinner one that acts less 
powerfully (about one to one hundred), to which, on 
account of its strength, a tenth part of its volume of 
alcohol may be added. 

Staining of Nuclei. Cells without Nuclei. — If 
a section be placed in this solution it is stained an 
extremely dark color in a short time — within a few 
minutes. If it is washed in water and examined, we 
find a color that is almost completely diffused, is uni- 
form, and is consequently useless. The advantages 
of the staining first appear after the action of the 
alcohol has taken place ; the section when placed in 
a dish of alcohol discharges a large amount of dye, 
and is surrounded by a colored cloud ; when re-exam- 
ined after a few minutes, a beautiful, distinct staining 
of the nuclei is observed, and those of lymphoid cells, 
as well as those of connective-tissue and endothelial 
cells, have usually a much darker tinge than the nu- 
clei of epithelial cells. The other substances are all 
nearly colorless, with some few exceptions to be men- 
tioned shortly. The process is, therefore, soon at an 
end, the section being placed for a few minutes in 
the staining solution, and then for a few minutes in 
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mortem change liaa begun ; this ia precisely the case 
with the borders of many epithelial cells, with the axis- 
cylinders of nerve-fibres, etc., which are also invisible 
in the living state, but are none the less present. 
Besides this, in examinations in pathological anatomy, 
we almost never observe the tissue in its living, nor- 
mal condition, but always as the seat of more or less 
advanced cadaveric change. We must, accordingly, 
always bear in mind that a structure which is found 
regularly was not necessarily present as such intra 
vitam ; however, it does point in every case to a dif- 
ferentiation which existed during life, and which is 
brought out by the cadaveric change, or by the 
reagent used. 

Furthermore, if amoTig a certain number of ele- 
ments, which originally appeared to he identical, aoms 
conduct themselves in a peculiar way toward a certain 
reagent, while others do not; if, for example, some are 
stained by a certain dye, while others remain colorless, 
we must necessarily conclude that there was a prvmi- 
five difference between the elements. 

Upon this principle are founded all of the meth- 
ods of preparation, some of them very complicated, 
which are employed for the exhibition of the different 
histological elements. From this simple observation 
it is evident what attitude we have to assume toward 
the microscopical images that are produced by our 
reagents. 

We must not be confused by the expression 
" artificial product " ; in former times many impor- 
tant histological discoveries were at first discredited 
this way. 
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In mir microscopical investigations, we do not, as 
a rule, act simply as observers, but we experiment, 
and our results are consequently made up of pre- 
formed objects on the one Jux.}id, and of factors intro- 
duced hy ourselves on the other. 

He would certainly be ever liable to the gross- 
est errors, wio should decide upon tbe question of 
original structure simply from bis own results, with- 
out regard to these relations, which are generally 
very simple; an apparent fiber, for example, may 
either correspond to a genuine pre-esistent fiber, or 
may represent a fold, or a production of coagulation, 
etc. 

In our pathological examinations especially, we 
employ reagents for still another purpose. We often 
have the task of searching for certain elements, for- 
eign bodies, parasites, etc, ; if, now, we know that 
these elements which are sought for resist certain 
reagents and methods of treatment, while other sub- 
stances are destroyed by this same treatment, then 
we have a very useful method of examination for our 
definite purpose, although the structural relations of 
the organ are entirely lost. 

It follows from all this that microscopy, especially 
if it is concerned with pathological objects, should not 
be regarded as a purely meehauical process, for it fre- 
quently requires a certain amount of care and circum- 
spection, even in the choice of the modus procedendi. 

MroRo-cHEJiicAL EXAMINATIONS. — Micro-chemical 
examinations are so conducted that either the speci- 
men remains for some time in contact with the re- 
agent (for example, it is placed in a watch-glass filled 
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with the reagent, and ia then examined nnder the' 
microscope), or in such a way that the reagent acta 
upon the specimen while the latter ia actually under 
the microscope. With this object, the reagent ia 
placed at the edge of the cover-glass, and gradually 
makes its way toward the specimen ; we can hasten 
this process by absorbing the fluid with blotting- 
paper at the opposite edge of the cover-glass. In 
this way the influence of the reagent may be directly 
observed under the microscope — ^for instance, the so- 
lution of granular protoplasm, of the red blood-cor-, 
puseles, and of lime, under the action of acids, eixj. 
The beginner must naturally be extremely careful 
that the reagent does not get upon the upper surface 
of the cover-glass ; in that case the object-lens of the 
microscope might very easily be injured. Other com- 
plicated reactions, especially most of the staining 
processes, are usually undertaken in watch-glasses; 
after having been acted upon by the reagent the 
specimen is compared with a model, or the same ob- 
ject is sketched first before, and then after, it has, 
been treated. 

The reagents principally employed are the follow- 
ing: 

1. Distilled Watee. — Distilled water, as a rule, 
stni contains small quantities of dissolved substances, 
and it furnishes (especially in summer) a favorable 
nidus for various minute organisms. If, therefore, 
micro-organisms are found in a specimen which has 
been treated with distilled water, this error must be 
guarded against ; they can easily be removed by 
peated boiling. The water diffuses at once, and V( 
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actively, into most portions of tte fi'esh tissues ; in 
every case the vital properties of those elements of 
the haman lx)dy which have been isolated in dis- 
tilled water very soon vanish. The dead cellular 
elements, removed from the cadaver, are likewise es- 
sentially altered ; the most rapid change takes place 
in the red blood-corpuscles; they swell, discharge 
their coloring-matter, and soon become perfectly in- 
visible. 

The method of employing distilled water in tlie 
examination of freeli tissues, and its limits are briefly 
as follows : We use it by preference in those cases in 
which we desire for our purpose to remove quickly 
from substances very rich in blood the blood-corpus- 
cles, which, on account of their lai^e number, fre- 
quently trouble us by concealing the other ele- 
ments ; however, we must never forget that the tis- 
sue itself may at length be essentially changed by the 
water. 

If we are working with alcoholic specimens, dis- 
tilled water simply causes them to swell, and gener- 
ally in a symmetrical manner, so that nearly the orig- 
inal gross relations are restored. It is only seldom 
that further changes are induced in this instance, 
since the essential parts of the tissues, the albomin- 
ous bodies, are coagulated — that is, they are trans- 
formed into a variety that ia insoluble in distilled 
water. However, we must always keep in view the 
fact that the diffusible substances that sae soluble 
in water, as glyct^n and sugar, are quickly removed 
from the sections. 

2. Salt-solctios of O'S pee Cest. Isdiffeb- 
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EHT Fluid. — The most varied micro-organisms very- 
soon develop in thig in great numbers ; the fluids 
must therefore be very often renewed. I strongly 
advise against adding antimycotic substances, suiee 
we then no longer have a pure ealt^olution ; on the 
other hand, the solution may easily be sterilized by 
boiling. 

In order to preserve the protoplasm and the red 
blood-corpuscles as nearly intact as possible, a salt- 
solution of 0'8 per cent is employed, the usual fluid 
in pathological examinations, which is suitable for 
sections of fresh tissues, as well as for the dilution of 
liquids. If we are particularly interested in preserv- 
ing the vital properties of the cells for a longer pe- 
riod, we add to nine parts of the salt-solution one 
part of egg-albumen — the so-called artificial serum — 
or we use aqueous humor, hydrocele-fluid, transuda- 
tions, blood-semm, etc. 

3. Absolute Alcohol. Hardening. — Always 
use the purest alcohol possible, and never the ordi- 
nary spirit, which, in addition to the water that 
it contains, is always contaminated with other sub- 
stances, and frequently even has an acid reaction. 
In case we desire to use dilute alcohol, the absolute 
alcohol is mixed with the necessary amount of dis- 
tilled water. 

Alcohol diluted with two parts of water is some- 
times used as an agent for the isolation of tissue- 
elements (Ranvier) ; whUe the cells become capable 
of resistance when placed in it, the cementing sub- 
stances remain soft, so that the isolation of cells, 
which aed previously to be fused together and 
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to be attached to tie intercellular substance, is an 
easy matter. To this end the bits of fresh tissue are 
immersed for about twenty-four hours in thirty-three 
per cent, alcohol. 

The principal use of alcohol, however, is in the 
hardening of tissues, so as to give them a proper con- 
sistence for cutting. The process of hardening de- 
pends essentially upon two factors — the abstraction 
of water, and the coagulation of albuminates ; beside 
this, alcohol removes from the pieces of the organ 
certain extractives, which are of no morphological 
importance, and a small amount of fat. 

The immediate inference from this is that in all 
cases we can form a correct conclusion regarding the 
amount of fat in tissues (in pathological fatty degen- 
erations, for instance) only by the examination of 
fresh organs, and never in alcoholic preparations. 

Through the abstraction of water there naturally 
occurs a diminution, or shrinking of the specimens ; 
if the diEEerent portions of the same olaject con- 
tain unequal amounts of water, the shrinking will 
take place iu an uneven manner, and the specimen 
■will be deformed in a Yevj undesirable way. How- 
ever, the form is generally quite well preserved, and 
corresponds to the diminution of the preparation due 
to the action of the alcohol ; the sections swell up 
again if they are immersed in distilled water (through 
the absorption of water), so that they then resemble 
very closely their original condition. The main dif- 
ference consists in the opacity of the sections, occa- 
sioned by the granular, coagulated albuminates, and 
this remains even after they have become i in 
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water ; as a remedy for ttiB evil we generally use 
glycerin (q. v.) as an optical clearing-agent, or even 
acids and alkalies, by which the precipitated albu- 
minates are redissolved, although many structures 
are destroyed at the same time. Hardening in alco- 
hol is best effected by placing small fragments of 
organs in large quantities of absolute alcohol ; in this 
way it is evident that the piece ie entirely surround- 
ed by the fluid. 

A piece two or three cubic centimeti'eB in size 
can thus be thoroughly hardened within twenty-four 
hours, and smaller bits still more rapidly. 

The method, fonnerly in frequent use, of im- 
mersing the organs first in weak alcohol, and then in 
that of gradually increasing strength, has properly 
been altogether abandoned. 

Alcohol is the best hardening-fluid for most tis- 
sues;* we employ it almost exclusively for this pur- 
pose. In the case of morbid specimens, it is of es- 
pecial importance to us that the changes in their 
substance, occasioned by the method of preparation, 
should be simple and such as can be readily con- 
trolled ; this is the action of alcohol, while the pro- 
cess of hardening in chromates, formerly so popular, 
which varies according to the differences Jn time, 
temperature, etc., causes changes, as clouding and stain- 
ing, which it is very difficult to obviate. 

A few little devices, which sometimes become 
necessary, are almost self-evident; for example, the 
eye is apt to shrivel up very quickly when placed in 

• As has already been mentioned, bardening in alcoliol is not adapt- 
r examinations of fatt; tissues. 
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alcohol. This condition can easily be remedied by 
injecting the fluid into the vitreous humor with a hy- 
podermic syringe, duiing the early part of the hard- 
ening process, until the firmness and roundness of the 
globe are restored. This process must subsequently 
be repeated. 

Many tissues, such as lung, muscle, etc., do not 
acquire a proper consistence for cutting, even after a 
long stay in alcohol ; * it is advisable in these cases 
to immerse the imperfectly hardened specimen for 
twenty-four hours in thin mucUage— equal parts of 
mucilage and glycerin. If the specimen saturated 
with solution of gum is again placed in alcohol, it 
hardens very evenly and firmly, since the gum is pre- 
cipitated by the agent. The gum is very soon dis- 
solved out of the sections when they are immersed in 
water. For the central nervous system alone, at least 
for the white substance, alcohol is not well adapted. 
In this instance its hardening effect is imperfect, cor- 
responding to the smaller amount of water ; besides 
this, alcohol abstracts a large part of the fatty mat- 
ters of the nerve-medulla, which are then precipi- 
tated in a crystalline form, so that the tissue is great- 
ly injured. 

I have never been able to dispense with the 
chromates in the treatment of these important or- 
gans. 

4. Ether. Chloroform. Tiie Removal of Fat. — 
Both substances are frequently employed in order to 
remove fats. As a matter of course they do not act 

* This is sometimea the ooae with rather old aicoliolic proparatiOM 
which are intended to be further hardeoed. 
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upon fi'esh tissues, smce tliese are saturated with wa- 
ter, and chloroform and ether do not mix with water. 
The pieces (or sections) of an oi'gan must first be 
dehydrated by treating them for some time with 
alcohol. The section from which fat ia to be re- 
moved is then placed for about five minutes in a 
watch-glass filled with absolute alcohol, and then in 
a watch-glass containing ether or chloroform ; if the 
fluid becomes clouded, it is a sign that the section ig 
not yet sufficiently dehydrated, and it must be again 
placed in absolute alcohoL AVhen it has remained 
for a few minutes in ether or chloroform,* so that 
the substances soluble in it are entirely removed, the 
section is transferred to alcohol for some time, and 
then to a watch-glass filled with water. It is exam- 
ined either in water, or, as a rule, on account of the 
extreme clouding, due to the coagulation of the albu- 
minates, acetic acid must be added in order to redia- 
solve the albuminates. The order which is followed 
in the process of removing fat from fresh tissues 
this: 

Salt-solution or water. 

Alcohol. 

Chloroform or ether. 

Alcohol. 

Water to which acetic acid is added. 

5. Acids, (a) Sulphuric, Bydrodiloric, and Ni- 
tric Acids; Decalcification. — The strong mineral 
acids, when highly concentrated, possess the prop- 

•In chloroform tlie sections become at once quite transparent ; this 
does not depeod upon the BoiQtion of the fata, bnt is a simple phjaical 
phenomeoon, due to tho high indei of refraction of chloroform. 
retarnei to alcohol the section immediately shows its formar opacity. 
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erty of rapidly coagulating albumiaoua bodies ; they 
can, in consequence, be used with advantage for fixing 
certain very delicate structures, as the so-called nu- 
clear figures. According to Altmann,* it is best to 
immerse the pieces of organ for a short time (about 
one second) in a three-per-cent. solution of nitric acid, 
having a specific gravity of 1030, then to wash them 
in distilled water, and to harden in absolute alcohol. 
Flemming and other authors use a still stronger solu- 
tion of nitric acid for the same purpose. When con- 
siderably diluted (about 1 to 1,000), the mineral acids 
cause essentially swelling of those substances which 
contain the most protoplasm (such as contractile or 
gelatinous tissue), the same as acetic acid. 

The same reagents are used also to remove lime- 
salte. In order to make good sections through cal- 
careous pai-ts, such as bones, teeth, calcified tumors, 
etc., the lime must be removed ; we seldom employ 
the earlier method of examining thinly-ground sec- 
tions. This removal is accomplished most quickly 
by means of dilute hydrochloric or nitric acid. A 
one-hali per cent, solution of the acid is used, and this 
is mixed with alcohol containing sodium chloride, in 
order to avoid the swelling of the basement-substance. 
The formula is aa follows : 

Hydrochloric acid . . 5 parts. 

Sodium chloride ... 5 " 
Distilled water ... 200 " 

Alcohol 1,000 " 

The decalcifying fluid must be frequently changed, 
as it then gives quite brilliant results. 

• Altmann, "Arch. fBr Anat nnd Physiol.," 1891. 8. 219. 
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A solution of chromic acid (about one per centM 
or a Baturated solution of picric acid, acts rather moi 
slowly (Ean\-ier). 

Moreover, we often find in a microscopical pre]^ 
aration deposits darker than the sun'ounding tissuesji, 
which lead ua to suspect that we have to do with 
lime. We are convinced that they are lime if vre 
observe that their dark outline disappears on adding 
an acid ; in most cases the lime is combined with car- 
bonic acid, so that on the addition of acid there occura 
an active development of gas, presenting imder th) 
microscope a very elegant and striking picture. 

If sulphuric acid is used, sulphate of lime, or gyp- 
sum, is formed, which is soluble with difficulty and 
crystallizes rapidly, in beautiful prisms, often uniting 
to form tufts. Gypsum-crystals are exquisitely doub- 
le-refracting, as we can prove at once by means of a 
Nicol's prism attached in front of the eye-piece. 

Many cementing-substances are soluble in strong 
acids ; for example, a twenty-per-cent. solution of 
hydrochloric acid, or a thirty-three-per-cent- solution 
of liquor potassse, is used to isolate smooth muscle- 
fibres. In order to isolate the urinary tubules over 
a wide area, bo as to demonstrate their complicated! 
course, strong hydrochloric acid is employed, with th© 
application of gentle heat ; however, this method haa 
uot yet come into use in the study of nephritis. 

(h) Acetic Acid. — Organic acids, especially acet- 
ic, are very often used in our work ; they are prin- 
cipally employed to dissolve, or to cause to swell, the 
albuminates and the gelatinous substance of whioli 
the connective-tisBue fibrils are known to conrast. 
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Since the substance of nuclei and elastic tissue, fats, 
the medulla of nerves, etc., resist acetic acid, thia is a 
very convenient agent with which to expose the nu- 
cleus that is concealed within a darkly-granular cell, 
and the elastic tissue that is distributed throughout 
the connective tissue, in the substance of muscles. 
By the action of acetic acid also the fat-granules, 
deposited in protoplasm, in the contractile substance 
of muscles, etc., appear much more clearly. The 
micro-oi^anisms which are present in the tissues be- 
have in the same way. 

Acetic acid acts in the manner described, even in 
a dilute solution of 1 to 100 ; in a solution of 1 to 
1,000, also, its clearing action is still apparent, only it 
is somewhat slower. 

If a section from a fresh organ, or from an alco- 
holic specimen, be placed in acetic acid, in a watch- 
glass, it generally becomes quite transparent, and at 
the same time it swells considerably ; this swelling 
usually takes place in an uneven manner, so that the 
section assumes a coarse, wavy character. It thus 
becomes nearly useless for examination. It is better 
to allow the acetic acid to act upon the sections be- 
neath the cover-glass ; a momentary raising of the glass, 
so as to allow the air to get under it, is sufficient to 
permit the drop of acetic acid, which has been placed 
at its edge, to make its way beneath, while the slight 
pressui-e of the cover is enough to preserve the even 
shape of the section. If the action of the acetic acid 
is to be rapid and energetic, the undiluted acid (glacial 
'acetic) is used ; for most purposes, however, it is ad- 
visable to dilute it with a little distilled water. 
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In many substances, wtich are saturated with al- 
kaline albuminous fluids, acetic acid at first causee 
clouding, due to the neutralization of the alkali ; if 
more acid be added, thia cloud clears up. How- 
ever, a permanent opacity may be occasioned by 
acetic acid, which ia not cleared up by excess of the 
acid ; that ia, mucin is precipitated by it. Fibrin, 
serum-albumin, and mucin are often found together 
in exudations, in the contents of cysts, etc. The ac- 
tion of acetic acid will vary according to the quan- 
titative relations of the mixture ; in most cases aub- 
stancea are rendered very clear and transparent by it. 

With the marked swelling that acetic acid occa- 
sions in albuminous and gelatinous bodies, it is not 
surprising that the outlines which appear after the 
action of the acid, as well as the borders of the 
structm'es that resist it, do not always remain 
entirely unchanged. As far back as 1840 Henle 
called attention to the fact that the several nuclei 
which appear in white blood-corpuscles, pus-corpus- 
cles, etc., after being treated with acetic acid, were 
not preformed, but that these contained only a single 
nucleus, which through the action of the acid was 
broken into several pieeea. Thia actually occurs in 
many cases. Although we now know that some of 
the lymphoid cells, even in the living state, possess 
several nuclei, it is, nevertheless, highly important to 
remember that the nuclei that appear in a ceU after 
it has been exposed to the influence of acetic add 
may possibly represent artificial products, or fra^' 
ments of a nucleus originally single. 

In connective tissue acetic acid often causes an 
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essential change of structm-e ; for instance, the reg- 
ular rows in which the cells of tendons and fascite 
are arranged, are not usually to be distinguished 
after the swelling due to acids, while the nuclei are 
apparently strewn about in disorder. Eanvier took 
the precaution to fix upon a elide a small tendon, 
which was kept in a state of tension by means of 
little balls of wax applied to its ends, to cover it, 
and then to allow acetic acid to act upon it slowly ; 
the swelling then occurs less irregularly, and the ar- 
rangement of the nuclei in rows becomes clear. 

The beginner is strongly advised to convince him- 
self of these and similar facts by personal experiment, 
in order that he may be in a position to decide what 
change he is inducing in structures by the addition of 
difEerent fluids. 

Formic and tartaric acids are leas used ; their ac- 
tion is similar to that of acetic acid. 

(c) Picric Acid. — Picric acid, on the contrary, has 
a special use — namely, as a hardening and a staining 
material ; the albuminates are gradually transformed 
in a saturated solution of picric acid into the insolu- 
ble variety, so that the tissues, with hardly any 
shrinking, assume a consistence proper for cutting. 

Moat substances are stained yellow at the same 
time, some very intensely, as smooth muscles, the 
homy cells of pavement epithelium, and of the epi- 
dermis, etc. 

This characteristic staining also occurs very beau- 
tifully in sections which have been made from alco- 
holic specimens, and, indeed, in a very short time, 
■within a few minutes; however, it is soon soaked 
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out again by the action of water and alcohol. If wBj 
desire to preserve the staining, a small quantity kA 
picric acid must be added to the water, alcohol, t 
glycerin. 

((?) Chromic Add j Chromates; Mailer's Fluid 
— Chromic acid, when very dilute (about 1 to 10,000 
or 1 to 20,000), is used as a macerating-fluid ; if i 
small piece of spinal cord, for example, be placed, 
in such a solution for twenty-foui" hours, it is thea 
very easy to isolate the ganglion-cells with their' 
numerous branching processes, whUe the cementing- 
substance is softened or dissolved. The action of', 
chromic acid as a hardening agent is more important, 
for our purposes; we use either a solution of the 
acid (having a strength of fi'om one fifth to one per- 
cent.), or else its salts. The principal ones in use are 
the bichromates of potassium or ammonium in a solu- 
tion of about two per cent. ; Miiller also added sul- 
phate of sodium to a solution of the bichromate of' 
potassium. The following is the formula for MuUer'^ 
fluid: 

Bichromate of potassium . 2 parts. 
Sulphate of sodium . . 1 part 
Distilled water . . , 100 parts. 
It is much used as a hardening-fluid for the nerv 
ous system and the eye. 

Perfect hardening occurs very slowly, only in t 
course of weeks and months, and the more slowly 
the larger the immersed pieces are, since the chn> 
mate penetrates gradually into the interior of speco- 
I mens ; six months or a year may be allowed for i 
Jerebral hemisphere, but it has then a firm consi 
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ence. The hardening-fluid must be frequently changed, 
and in order to prevent the formation of mold in 
tlie solution a bit of camphor is added (Klebs). 
According to Weigert the hardening takes place 
much more rapidly if it is canied on in an incubator 
at a temperature of 30° to 40° C. Erlitzki suggesta 
a fluid consisting of two and one half jier cent, of 
bichromate of potasaium and one half per cent, of 
sulphate of copper ; in this preparation hai-dening 
occurs very quickly (in from eight to ten days) even 
at the temperature of the room. 

The specimens are then placed in alcohol, which 
can be afterward slightly dUuted. 

The central nervous system after this treatment 
assumes a very even, firm consistence ; at the same 
time it shows, even to the naked eye, certain charac- 
teristic differences in color. The gray substance is 
distinguished from the white by a brighter staining, 
while the latter becomes dark green ; the usual form 
of gray degeneration, or sclerosis, in the white col- 
nmns shows a dark brown shade, while most of the 
secondary degenerations take a brighter staining, 
even in those cases which did not display in the 
fresh state any difference in color between normal 
and degenerated portions. As regards other organs, 
hardening in solutions of chromic acid, or the chro- 
mates, formerly veiy popular, is to be recommended 
only in rare cases ; except in the case of the nervous 
system and the eye, we much prefer hardening in 
alcohol, supplemented by the process of soaking in 
mucilage. Fibrous, or net-like, coagula are often pro- 
duced by the chromates, and these may be erroneo'" 
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\y regarded as preformed bodies ; furthermore, 
dark, granular precipitates witliin cells and interstiti 
tissues, due to their influence, are often quite troublt 
some, and are very difficult to clear ^up by means 
chemical reagents. Deposits of lime are graduall' 
dissolved by chromic acid and the bichromates, 
may thus escape observation. Micro-chemical reac-' 
tion can, as a rule, no longer be employed with speci- 
mens which have been ti-eated with chromates ; for 
these and other reasons, the latter are recommended, 
as hardening agenta only in those cases in whii 
alcohol does not act favorably, on account of tl 
peculiar chemical composition of the tissue — in fact, 
only in the nervous system, or in organs that are 
very fatty. It is always desirable to watch the re- 
sults in freshly-examined or alcoholic specimens, oi 
account of certain lime deposits which, through 
action of chromic acid and its salts, may readily 
completely dissolved and escape observation. 

The simple chromate of ammonium, in a five- 
cent, solution, was used with great advantage by 
Heidenhain, especially in demonstrating the rod-like 
structure of the epithelium of the renal tubulea. 
The agent is also to be recommended in pathologici 
examinations. 

6. Alkalies. Liquor Potass^ and Liqd 
SoD^ Ammonia. — Alkalies cause a breaking up, 
swelling, of albuminates, of gelatinous material, 
the contractile substance of smooth and striated m 
cles, and of nuclei ; even homy structures are rei 
dered perfectly transparent by these. About tl 
only tissue-elements that resist are elastic tissue, 
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(including nerve-medulla), lime, pigment, etc., and 
amyloid material, beside chitiu (the hooka of tsenife, 
and eehinococci), cellulose, thi'eada of fungi, spores, 
and schizomycetes. From thia it is at once evident 
how frequently we make use of alkalies ; they come 
into play whenever we are looking for the bodies 
laat mentioned. The structure of the tissue is, of 
course, almost entirely destroyed. AVhile we can 
always gain a pretty good idea of a section that has 
been perfectly cleared by acetic acid, when alkalies 
are used everything disappeai's and we have no 
guides except the elastic tissue and the homogeneous 
membranes. Liquor potassae or liquor sodaj (in a so- 
lution of from one to three per cent.) is best used for 
most purposes ; the clearing action begins at once, 
even with this dilution. The concentrated lye (thirty- 
three per cent.) has a special action ; in this solution 
most of the elements are preserved, while the cement- 
substance is dissolved. This applies partienlai'ly to 
smooth and striated muscular fibers. If, for exam- 
ple, a bit of a uterine leio-myoma is placed for a 
few minutes in a watch-glass filled with a thirty -three- 
per-cent. solution of liquor potass£e, it separates into 
its individual fiber-cells under the needle, almost of 
itself ; only care must be taken that the lye does not 
become diluted, for in that case the fibers themselves 
at once dissolve. The preparation must be examined 
directly in the lye. 

Even red blood-corpusclea preserve their shape in 
the thirty-three-per-cent. solution, while they at once 
disappear in dilute solutions. 

According to an observation of Virchow, weak 
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alkaline solutions are able to excite tlie movements 
ciliated epithelia after they liave become motionL 
and apparently dead, 

7. Glyceeen. — Glycerin must, above all, be wit! 
out a trace of acid ; a small quantity of water di 
less harm. It ia generally used in a pure form, sim 
when diluted with water it is ygyj apt to becomi 
moldy. Glycerin is of great value in the histolo^i 
cal examination of oi^ans which Lave been hard- 
ened in alcohol, and in other fluids that coagulate ali 
bumen, such as picric and chromic acids and thei 
salts. During this process the tissues have necessi 
rily become much clouded ; if acids or alkalies are 
used, in order to dissolve the albuminous granules 
that have been precipitated by the hardening agent, 
many other structures are destroyed at the 
time, such as connective-tissue fibers, fibrin, ant 
blood-corpuscles. 

For these cases, therefore, glycerin is used aa i 
clearing agent. The clearing action of this fluid ii 
due, not to the chemical solution or swelling of thi 
albuminous granides (fat alone ia gradually dissolved 
in glycerin), but rather to a physical force, to its 
high refracting power. We can at once demonstrate 
this action to ourselves by comparing the outline ol 
a glass rod which is dipped in water with that of i 
similar rod dipped in glycerin ; the latter is much 
more delicate. Or, if one piece of filter-paper is satu 
rated vrith water, and another with glycerin, the lat- 
ter becomes much more transparent. The outline! 
of a fragment of tissue which has been moistened 
™^+li glycerin are altogether more delicate; glycoH 
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in is therefore useless for the examination of most 
fresh tissues, the elements of which already possess 
delicate outlines, since the latter then become almost 
invisible. On the contrary, the degree of transpar- 
ency effected by glycerin is peculiarly adapted for 
alcoholic specimens. It may be said that since its 
introduction into microscopical technology the ex- 
amination of organs hardened in alcohol has reached 
its full development. Glycerin mixes with water, 
also with alcohol, acetic acid, etc., in all proportions, 
but rather slowly because of its sirupy consistence, 
BO that a glycerin-preimration is a suitable one for 
the induction of a rapid chemical reaction, for ex- 
ample, the action of iodine or an acid. However, 
it is very easy to remove glycerin from the prep- 
aration, by simply placing it in a watch-glass filled 
with water. 

Glycerin has also the well-known propeity of 
neither evaporating when exposed to the aii", nor 
undergoing any other chemical changes ; at the moat 
it only absorbs a little water, under some circum- 
stances. This property renders it an excellent ma- 
terial for the preservation of microscopical speci- 
mens. If we desire to preserve a pj'eparation which 
is in water, or a watery solution, it is only necessary 
to place a drop of glycerin upon the edge of the 
cover-glass ; the glycerin flows under the cover as 
the water evaporates. Fresh preparations may also 
be kept in this way ; if the glycerin is subsequently 
displaced by water or salt-solution, the original con- 
dition is restored. 

The dark shading, and the shining appearance ( ' 
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tbe elastic fibers and lamiDae, are only slightly dimi 
ished in glycerin, aince their refractive power ia coit; 
eiderably higher than that of the latter; on the con- 
traiy, the characteristic luster presented by amyloid 
material, and by Kecklinghausen's so-called hyalin, 
and other colloid bodies, when examined in watery 
fluids, disappears almost entirely in glycerin, since 
their refractive power differs only very slightly 
from that of the latter. On careful examination 
the difference is still somewhat apparent in most 
cases ; it is always well to examine the specimens 
first in water, if you are looking for these objects. 
It has already been stated that small fat-drops dis- 
appear entirely in glycerin, hence glycerin-prepara- 
tions should never be used in looking for fatty 
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, Acetate of Potassium,— A saturated solutit 
of acetate of potassium (as recommended by Max' 
Sehultze) may also be used as a preserving-fluid; 
it does not evaporate, and is stable in the air. It 
has only a feeble clearing power, hence it is to 
employed especially for keeping fresh objects th; 
have not been hardened. This method is quite nai 
ful for preserving fatty degenerated tissues ; hoi 
ever, the outlines of the fat-drops and, In time, thedj 
original distinctness, is lost. 

9. Oil of Cloves, Canada Balsam. — If 
wish to clear preparations more thoroughly (es] 
cially after they have previously been stained 
tensely), we use oil of turpentine, or, what is to 
recommended more highly, oil of cloves ; other ethi 
1 oils, such as oil of cedar, origanum, cinnamo] 
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bei^amot, anise, etc., also xylol and phenol, act in a 
similar way. 

Every one can select that substance which is least 
disagreeable to hia olfactory organs. These fluids 
are either not at all, or only slightly, miseible with 
■water, bo that the sections that are to be cleared 
are first dehydrated iv-ith alcohol ; it is enough to 
place them for a few minutes in a watch-glass con- 
taining alcohol, after wliich tbey at once become 
saturated with oil of cloves. The sections thus at- 
tain the highest degree of transparency ; the refract- 
ive power of the fluids mentioned is very great, much 
greater than that of glycerin, and nearly the same as 
that of glass. The most resistant outlines of the ele- 
ments of animal tissues disappear almost completely 
under this treatment ; in unstained preparations near- 
ly everything vanishes, as a rule, and even elastic 
fibers are difficult to recognize, especially if open 
illumination by means of the Abbe-Koch condenser 
is used ; but the stained portions appear so much the 
more distinctly. With this method of examination, 
therefore, we must always keep in view the fact that 
most of the structures have been purposely excluded 
from our view. Specimens thus prepared can at once 
be permanently preserved in resinous mounting-mate- 
rials ; we generally use Canada balsam, or xylol, dis- 
solved in equal parts of chloroform. A solution of 
mastic in chloroform is used, also dammar-varnish, etc. 

The oil of cloves is absorbed by fine blotting- 
paper, and its place is gradually occupied by the 
Canada balsam, which is deposited at the edge of the 
cover-glass. 
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Reahents used ln" the Process of STAiNiNOi 
The pEisciPLEa of SxAmiNO. — The art of staining 
has become every year more important and indis- 
pensable. Among the results obtained by staining 
the most striking was the discovery of vegetable 
parasites. Weigert, Ehrlich, and Koch have won 
the highest distinction in this field; the very valu- 
able studies of Ehrlich related substantially to the 
theory of the action of dyes. 

The principle in staining is, t?ierefore, that certain 
elements of tissues, and also of cells, appropriatt active-^ 
ly, or in large quantity, from ike solution employed, <t 
certain dye, and form with this a combination hiving- 
an mteme color, that is more or less pei-manent. 

The relation of the different substances of the 
human body to the different dyes is naturally a high- 
ly complex one, and we have gradually learned to 
recognize the fact that for almost every tissue-ele- 
ment there is a special dye, or a special method of 
staining, by the action of which it takes a deep char- 
acteristic color, such as distinguishes it from other 
tissue-elements. 

Hence, in many instances staining assumes the im- 
portance of a ch&nical reaction, by means of which 
any particular stittcture, that lies concealed anion^ 
oilier hollies, can be brought easily and conveniently 
into prominence. 

This " elective " action of dyes is of extreme im- 
portance in pathological investigations, as will at 
once bp evident; elements which, because of their 
df" tours, are only to be recognized after very 

( i-nitlon, ia the midst of the confused 
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mass of other stractures, after "isolated" staining, 
are seen at once, even at a cursory glance, and 
often "with a low power, so that we ai'e soon 
compensated for the time spent in the staining pro- 
cess by the gain in convenience and accuracy. The 
process of staining alone frequently discloses to us 
existing differences in tissue- and cell-elements which 
had previously appeared to be perfectly identicah 

It has already been stated that the perfect appli- 
cation of the results of staining was first attained by 
means of the open condenser, or Abbe's illuminating- 
apparatus. The technique of dyeing is usually this : 
A section is transferred from distilled water to a 
dish filled with the ataining-solution, with which it 
is entirely covered ; it remains in this for different 
lengths of time, varying from a few minutes to 
twenty-four hours, and is again immersed in distilled 
water, in order to wash away the portions of the 
dye that are adherent to its exterior ; it is then ex- 
amined, either in glycerin directly, or in oil of cloves, 
after dehydration with alcohol. The rationak of the 
staining process in this case is simply that certain 
elements take the dye, while others remain unstained. 
This is called " election." 

In many cases, however, the section which has 
been removed from the staining-solution and washed 
is subjected to further manipulations ; it is again de- 
colorized, that is partially. In this instance there 
has occurred at first a diffuse, even, but unnecessary 
amount of staining ; but during the supplementary 
process of extraction, while certain elements give up 
their staining completely, others, that have a sti-onger 
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affinity for the dye, retain it, Tliis is called by Eli 
lich the principle of maximum Btaining. This prtv^ 
cess, which indeed was first employed by the author, 
now plays a pi'ominent part, especially in staining 
with aniline dyes ; alcohol, or acids, serve as the ordi- 
nary extracting-agent. 

It is only in exceptional cases that it is advisabla^ 
to undertake the staining of a section under the 
cover-glass; the dye is uneven and is confined to 
the edges. Isolated elements, such as cells, can some- 
times be stained under the cover ; however, in thia 
case also, the method of coloring dry preparation! 
employed by Koch and Ehrlich, is, as a rule, muclt 
to be preferred. (Compare the section on " The £Xr4 
amination of Fluids.") 

It has long been the custom in embryological and 
zoological investigations to stain organs or animals 
in toto ; alcoholic fluids, especially, have been com- 
pounded which effect simultaneously the hardening, I 
as well as staining, of the preparations. The advan* ' 
tage is that the section can be transferred almost 
directly from the microtome to the slide for examiua^ 
tioD ; aside from the shortness and convenience of the 
process, thei"e is far less danger in this way of injaj> ■ 
ing or destroying the section during the different acta I 
of staining, washing, etc. But I believe that this 
method is seldom adapted to our ends ; in many, in- 
deed in most cases, we have fij'st the task of giving a 
definite opinion couceraing a concrete, practical case, J 
and we must therefore always leave ourselves theJ 
opportunity of applying every available test to thi 
under consideration. We should blo< 
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our own path, as it were, if we carelessly adopted the 
method employed in normal anatomy, siDce the rela- 
tions are totally different. The normal anatomist, for 
instance, examines aa many eyes as he chooses in 
order to decide upon a scientific question ; every nor- 
mal eye is therefore of eqaal value to him, and for 
eveiy variation in his method he can use a new speci- 
men. But we are often limited to the single Bpeci- 
men before us, fi-om which we must decide upon 
the structural changes that Lave occurred. To this 
end we must take care to obtain from the object 
(which has been changed aa little as possible by 
freezing, hardening in alcohol, etc) a series of sec- 
tions, made throngh the diseased parts, which we 
may regard as somewhat similar specimens. We 
may then treat these sections according to differ- 
ent methods, and experiment with them, in order to 
study the changes from every side. We can never 
know what surprises we are about to encounter in 
the interior of diseased organs, so that a simple way 
of preparing objects, which disturbs them aa little 
as possible before they have been dissected, is the 
best one for us. It is impossible for us before begin- 
ning the examination to adhere to a fixed method, 
but we must reserve for ourselves the possibility of 
taking the longer (since it is the necessary) road, ac- 
cording to the result of examination, with which we 
are not yet thoroughly acquainted. 

We shall, therefore, not describe in this volume 
the process of staining entire organs ; if any one 
wishes to employ it, he will obtain the necessary 
hints from Grenacher ("Arcbiv. fiir mic Anat.," 
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Among other glass objects tlie 
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cial thinness. 
ing are used : 

A lai'ge number of watch-glasses. 

Glass rods. 

Glass tubes, capillary and otherwise. 

Glass flat-bottomed dishes of different sizf 

Bell-glasses of different sizes. 

Glass beakers, injecting-bottles, cinicibles, re^em 
glasses, and a stand with funnels. 

Measuring-glass. 

A plate of black glass and one of white porcelain, 
to serve as supports while preparing specimens. The 
black plate is adapted for white or unstained objecta, 
while we always caiTy ou our manipulations with 
stained preparations upon the white ground, 

3. Metallic iNSTEUirEms.— As regards the me.. 
tallic instruments, needles, forceps, scissors, knives, 
spatula, etc., attention can not be directed too strongs- 
ly to the fact that these must always be kept in an- 
absolutely perfect condition. Even if we do see. 
many older microscoplsts working with blunt, rusty 
needles, with dull scissors, with forceps which do not 
hold, etc., let this only serve as an example to deter 
us from a similar procedure. Our instrumentaritun 
must be kept bright and sharp, like an oculist's 
The razor has its under surface ground flat ; here, too, 
it is self-evident that the blade must always be sharp 
and clean. In spite of our double knife and micro- 
tome, we still need the razor very often, especially in 
hasty investigations. In cutting, draw rather than 
press, and utilize the whole length of the cut from 
beginning to end, 
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Within a few weeks nearly every one aequires the 
requisite experience, so that he can cut with the razor, 
rapidly and surely, a few even, thin sections, from 
fresh, as well as from hardened, preparations ; in many 
cases, where absolutely exact or very thin sections 
are not required, this method, because of its simplici- 
ty, is always the best. 

The double knife, also, is much used, especially 
for the examination of fresh preparations ; with it 
large and regulai' sections are obtained, even from 
fresh, soft organs. However, the entire gross speci- 
men is usually sacrificed in this way ; the organs are 
frequently hacked to pieces va\h the double knife 
in a very ngly maimer. The instrument is drawn 
quickly through the organ which is to be cut ; in 
order that the blade may not strike anything at the 
Bame time and be injured, it is advisable to use a soft 
support, as fresh liver. 

Most instrument-makers make the springs between 
the two blades of the double-knife too strong ; I have 
often found it advantageous to remove these springs 



The blades are thus adjusted : the upper screw 
is first screwed entirely back, then the two blades 
are closely approximated by the lower screw, and 
finally they are again separated a little, by advanc- 
ing the upper screw. The blades should be nearly 
parallel. 

4. MiCROTOjrE. — No microscopist will be willing 

to work, at the present day, without a microtome. 

j-t^ilthough ten years ago microtomes were ouly in the 

1 of a few, now they are very widely used, and 
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it is certain that with them a most important advann 
has been made in microscopical technology. 

It would be extremely tiresome (and, indeed, it is 
unnecessary) to introduce here a description of the 
various forms of microtomes, since several new mod-,^ 
els or modifications are annually invented. We c 
use almost any system ; however, I would adv; 
against those models in which it is necessary to i 
bed the preparation. Good microtomes are fiimishe 
by Dr. Long, of Breslau, Katscha, instrument-mak^ 
in Munich, and by the mechanicians Schanze, 
Leipzig (at the Pathological Institute), Jung, 
Heidelberg, and Meier, in Strasburg, and also b; 
several others. The author worked for a long tim 
with Long's instrument ; but he is so well satisfia 
with Schanze's new model, that he would especiaJl 
recommend this one. The apparatus explains itsel£ 
the knife is carried on a slide, while the specimen i 
gradually raised by the coarse movement of a toothei 
wheel ; by drawing forward the knife, a section i 
be cut con-esponding in thickness to the amount c 
elevation of the specimen. 

In Long's microtomes, the specimen is raised b" 
the limited movement of a slide upon a elopic 
plane ; in Jung's instruments it is effected in a ver 
accurate manner by means of a fine micrometer-screi^ 
In these instniments, also, the sliding movement i 
remarkably smooth. 

The specimen which is to be cut is secured in . 
clamp ; clamps of different sizes and shapes, sue] 
as can be readily changed, may be used with 1 
Bwne instrument. In every case, the essential thinj 
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ia that the specimen sliould be tightly lie]d in the 
clamp. 

It is ciostomaiy to secure the preparation be- 
tween two slices of well-hardened liver ; amyloid liver, 
which has been kept in alcohol, ia best fitted for 
this purpose. The thoroughly hardened specimen — 
a firm, even consistence is a necessary prerequisite for 
the making of good microtome sections — is placed in 
the clamp, between the two slices of liver, and is se- 
cured, by means of the screw, in such a way that a 
layer from one to two millimetres in thicknesa pro- 
jects above the clamp. The slices of liver act like 
fixation-splints, by which the portion of the specimen 
which extends above the clamp is sufficiently secured. 
The fixation must always be perfect ; if the specimen 
can slip away from the cutting-blade only a little, the 
sections are imperfect and unrehable. 

We may, instead of this, fasten in the clamp a 
cork, upon the upper surface of which a slice of the 
hardened preparatiou, several millimetres in thick- 
ness, has been glued. As a glue, a thick solution of 
gum or so-called fluid cement is employed. Both sub- 
stances soon become perfectly solid when placed in 
alcohol. In this way only a small piece of the speci- 
men is used, and this is subject to no pressure, since 
it is merely attached to the cork. This procedure, 
which, as far as I know, originated with "VVeigert, is 
a very efficient one, and is to be highly commended. 

When the specimen has been properly secured, 
the knife is so adjusted that it commences to cut at 
the point where the edge begins. This direction ia, 
indeed, self-evident, but it is very frequently diare- 
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rations, aa a coarsely gi-anular mass ; most of the cell 
outlines also have become sharp and distinct. 

The method possesses peculiar advantages for the 
examination of kidneys in cases of albuminuria and 
of oedematous lungs. If such organs have been har- 
dened simply in alcohol, it ia also possible to identify 
the granular coagulated albumin in the interior of the 
Malpighiau capsules, or alveoli, especially in the su- 
perficial portions of the specimen, which were most 
directly exposed to the action of the alcohol. How- 
ever, this is effected much more perfectly by means 
of the boiling process, by which a rapid and complete 
coagulation is attained in a very short time. Aside 
from this action, most stmctures are only slightly 
changed by a brief exposure to a boiling temperar 
ture. 

The boQed specimens oan also be cut with the 
freezing microtome. 

2. The Drying of preparations, in order to ren- 
der them suitable for cutting, was once much prac- 
ticed. Since the general introduction of the art of 
hardening in alcohol (in the case of porous or very 
soft objects, after previous saturation with mucilage), 
drying has been almost entirely given up. Preparar 
tions shrink a great deal during the latter process ; 
but the sectiona swell up again in water, although 
very in-egularly. 

For the pm-pose of macerating or isolating certain 
tissue elements, we employ 

3. Aktiucial DroESTioif, which is occasionally 
used for pathological examinations, but more espe- 
cially in normal histology. We use pepsin or tryp- 
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sin — that ia, artificial gastric juice, or extract of pan- 
creas. 

Artificial gastric juice ia best prepared from the 
mucous membrane of the fundus of the pig's stomach. 
The pieces of mucous membrane are chopped fine, and 
are soaked for about an hour in very dilute hydro- 
chloric acid (one to one thousand), which is placed 
in an incubator kept at the temperature of the body ; 
the mixture is then filtered. Commercial pepsin may 
also be uaed ; but, in any case, the digestive power 
of the fluid must be tested on bits of fibrin, or a piece 
of loose, coagulated albumin. These should be dis- 
solved in a short time. 

The extract of pancreas is prepared as follows ; * 
The pancreas of a freshly HUed bullock is chopped 
in pieces and completely extracted with alcohol and 
ether in an extracting-apparatus ; the white, fiiable 
mass that remains after the evaporation of the ether 
is digested for about four hours, at a temperature of 
40° C, with five to ten times its weight of salicylic 
acid (one-tenth of one per cent.), or with distilled 
water, and is then strained and filtered. 

The artificial gastric juice digests in a short time 
(at the temperat^lre of the body) connective tissue, 
muscle, most cellular elements, etc., while elastic tis- 
sue and nerve-fibers resist it. Extract of pancreas, 
on the contrary, or the trypsin which it contains, 
dissolves in an acid fluid elastic fibers, as well as the 
fine fibers of the neuroglia, whUe the connective-tis- 
sue fibrillse remain intact. 

• Kaehne, " Varhaodl. des med.-naturf. Veroins zii Heildelbcrg," I, 
18T7. 
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Digestion may be carried on either in the incu- 
bator, or (by means of the warm stage) in the micro- 
Bcopic specimen iteelf, under the eyea and the con- 
Btant control of the observer. It has been recently 
discovered, by the aid of this method, that the gray 
fibrillary substance, which is found in such quanti- 
ties in the posterior columns of the Siiinal cord in 
tabes, corresponds perfectly in its chemical composi- 
tion with the fibers of the neuroglia ; it is also rap- 
idly dissolved, w^hile the fibers of the pia and their 
processes remain intact (Waldstein and Weber).* 
The so-called neurokeratin of Kuehne resists tryp- 
sin perfectly ; it remains in the interior of nerve- 
fibers in the form of a delicate net-work, when 
these are extracted with hot ether and chloroform, 
and then with trypsin. The homy net-work was 
regarded by Kuehne, and by many of his followers, 
as a preformed stmcture — " the homy basis of nerve- 
fibers." Ilesse and others oppose this view, more re- 
cently also "Waldstein and Weber (pupils of Ran- 
vier). 

These authors assert that neurokeratin is mingled 
in quite a diffuse manner with the medulla, and that 
it only assumes its peculiar net-like stmcture during 
the process of extraction ; the form of the net-work 
can be varied at will according to the variation of 
the process. By similar treatment the same " homy 
network " can be produced in the irregular drops of 
the escaped meduUa (myelin) as in the interior of 
nerve-fibers. Neurokeratin disappears in degenerat- 

• " Arob. de phjsiolog. norm, et pathol.," II. Eeilie, Bd. 10, 1882, 
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ed nerves, as well as in gray degeneration of the 
wliite substance of the central nervous system. 

4. Imbedding. — Most of our hardened specimens 
are cut without imbedding. In speaking of the mi - 
crotome, allusion was made to the little devices of 
gluing the preparations upon cork, and of securing 
them between pieces of hardened liver ; we are thus 
able in moat cases to fix the specimens anfficiently 
without further imbedding, so as to obtain perfect, 
even sections. If we have an irregular surface to 
cut, and it is desirable that the sections should in- 
clude the surface itself, as in the examination of a 
menstrual mucous membrane, a thin layer of muci- 
lage ia applied to the surface in question, and upon 
this is placed a slice of hardened liver. The gum 
soon hardens in alcohol, so that a firm union be- 
tween the liver and eurface of the preparation oc- 
curs. If the inequalities of the surface are con- 
siderable, the mucilage is less useful, since in thicker 
layers the gum acquires a stony hardness, so as to 
injure the knife ; glycerin-cement is used in this case, 
after the example of Klebs. This is prepared in 
the following manner : Ten grammes of the finest 
well-washed gelatin are allowed to soak in distilled 
water, the residue of water ia poured off, and the 
swollen glue ia dissolved by gentle heat ; to this 
add ten grammes of glycerin, and also a few drops 
of phenol to prevent the formation of mold. A 
small part of this mass, which becomes solid at the 
temperature of the room, may readUy be dissolved 
by warming at each time of using ; the irregular 
surface of the preparation is covered with the fluid, 
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and assumes a proper consistence for cutting when 
placed in aLcohoL 

In otter cases, however, we are compelled to cut 
a specimen in toto — that is, to include all the sur- 
faces of the same in the section — a task which Tery 
often devolves upon zoologists and embryologista, 
but upon ue only in exceptional cases. The epeei- 
men must then be surrounded with a solid mass ; 
glycerin-cement can also be used for this purpose, but 
it is better to employ a substance which does not 
shrink when it hardens, and even when it is treated 
with alcohol. We use, for example, a mixture of 
equal parts of wax and oil, or two parts of sperma- 
ceti and one part of oil of bergamot, or the follow- 
ing: 

Paraffin 5 parts, 

Spermaceti 2 " 

Suet 1 part. 

The mixture liquifies when heated gently, is poured 
around the alcoholic preparation (which has been 
placed in a tin box, properly adapted to the micro- 
tome-clamp), and, after cooling and an additional stay 
in alcohol, it again solidifies. If we wish the fat to 
penetrate the specimen, the latter must of course be 
completely dehydrated ; it is usually immersed in an 
ethereal oil, as oil of bergamot, before it is saturated 
mth the fat. In this way the specimens acquire an 
exceedingly even consistence; the fat is afterward 
removed from the sections. As is apparent, the pro- 
cess is somewhat lengthy ; it will be very seldom 
necessary to employ it for our purposes. 

Auotfier favorite imbedding material is Caberla's. 
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I This conBiBts of fifteen parts of wliite of egg and 
I one part of a ten-per-cent. solution of carbonate of 
' eodium ; the accompanjong yolks are added, and the 

i mixture is shaken. The object is placed in a paper 
box, which stands in a dish filled with alcohol having 
a strength of eighty per cent., and the dish is then 
heated on the water-bath up to about 75" C. ; after 
! warming for half an hour, coagulation has occurred 
' to a sufficient extent, and the specimen is hai'dened 
in alcohol. 

These imbedding substances are opaque, so that 
mai'ks must be placed on their surfaces in order to 
show the position of the preparation. 
' The most valuable imbedding material is cer- 

l tainly celloidin, for the introduction of which into 
\ microscopical technology we are indebted to Schiefer- 
I decker ("Arch, fiir Anat," 1882). Celloidin is a 
substance resembling coUodion, and is sold in solid 
masses. It dissolves slowly in a solution of alcohol 
and ether, forming a sirupy liquid. If the alcoholic 
preparation is now immersed in this, it becomes 
thoroughly saturated with the celloidin solution in 
the course of several -hours (about twenty-four). The 
specimen thus filled with celloidin is then placed in 
seventy or eighty per cent, alcohol, in which the cel- 
loidin again solidifies, so that the specimen has a very 
uniform consistence for cutting. It is next trans- 
ferred to the microtome, enveloped as it is in a near- 
ly transparent mantle of celloidin, so that every sec- 
tion is surrounded by a like covering, and can be 
stained, examined, and mounted together with this. 
OU of cloves is not used as a clearing agent in this 
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case, since it dissolves celloidin, but oil of origanum 
or cedar. 

The celloidia method has been approved in many 
instances ; it is especially valuable for eyes, the 
spinal cord, etc. 

5. Process of Injection. — This is employed far 
less frequently in pathological examinations than in 
normal histology. 

It is highly important that we ehould study the 
natural injection of the blood-vessels with blood, as 
well as the lymph-vessela with lymph, and we seldom 
resort to an artificial fiUing of the lamina. Hence, 
only a brief sketch of the rather complicated process 
of injection is presented, while those who are inter- 
ested in the subject are referred to the well-known 
text-books of Ranvier and Frey. 

(a) Injecting Material. — We use as an injecting 
material a transparent but deeply colored fluid, such 
as solidifies within the vessels, generally a glue ; in 
using the latter, the injecting fluid and the organ to 
be injected must be raised to rather a high tempera- 
ture (40° or 50° C). For this purpose large tin 
dishes are used, which are filled with water and 
heated from beneath. Glue injections are therefore 
rather troublesome, but they are preferable to watery 
solutions, on account of the stability of the material. 

Soluble Berlin-blue, which can be obtained from 
druggists, serves for coloring the mass ; sometimes 
this only dissolves after the addition of a little oxalic 
acid. A solution of this material in from ten to 
twenty parts of water may be used directly for in- 
je'-'-'- - or five parts of alcohol and five of glycerin 
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may be added. Or, on the other hand, the hot, 
watery solution of Berlin-blue may be poured grad- 
ually into the same quantity of hot, concentrated 
solution of glue, while stirring constantly ; the latter 
is prepared by allowing fine, well-washed sheets of 
glycerin to soak for one or two hours, at the tempera- 
ture of the room, in about double the quantity of 
distilled water ; the swollen glue is then liquefied By 
gentle heating upon the water-bath. 

Since the "soluble Berlin-blue" of the druggists 
is not always reliable, we shall repeat here the exact 
direction of Thiersch for preparing the substance in- 
dependently.* 

TMet'ScKs B&rlin-hlue, prepared with Oxalic Acid. 
— Make a cold, saturated solution of sulphate of iron 
(A), a aimdar one of ferrocyanide of potassium (B), 
and, thirdly, a saturated solution of oxalic acid (C). 
Finally, a warm, concentrated solution (two to one) 
of rather fine glue is needed. About fifteen grammes 
of the solution of glue ai'e mixed with six cubic 
centimetres of solution A in a porcelain dish. In 
a second larger dish thii'ty gi-ammea of the solution 
of glue are mixed with twelve cubic centimetres 
of solution B, and to this twelve cubic centimetres 
of the oxalic -acid solution C are subsequently 
added. When the mass in both dishes has cooled to 
about 25° or 32° C, the contents of the first dish are 
added, drop by drop, to the mixture in the second 
while agitating constantly. After complete precipi- 
tation the resulting dark-blue substance is heated for 
some time at a temperature of 70° to 100" C, while 

• From Frey, " Dm Mioroscop," 1881. 
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stirring, and is finally filtered through flannel The 
injections of Berlin-blue ai'e beautifully colored, but, 
in the course of time the color gradually dieappeare 
aa a result of reduction ; the blue dye is again re- 
stored through the action of an ozone-carrier, aa oil of 
turpentine. 

Injections of carmine, on the contrary, are quite 
permanent ; but here we encounter the difficulty that, 
in using an alkaline solution of ammoniarcarmine, the 
red color at once transudes ; the solution must, there- 
fore, be neutralized. The neutralization must be 
effected with extreme care, since the material other- 
wise becomes opaque and perfectly useless, by reason 
of the coarse precipitate of carmine. 

Cold Fluidririjection of Cai~mine. — One gramme 
of carmine is dissolved in a little water with one 
gramme of ammonia, and to this mixture twenty 
cubic centimetres of glycerin are added. To this so- 
lution is added carefully a mixture consisting of 
twenty cubic centimetres of glyceiin and one cubic 
centimetre of hydrochloric acid, while stirring vio- 
lently ; the whole is then diluted with forty grammes 
of water (Kollmann). 

Frey's Carmine-cement — Take a solution of am- 
monia and one of acetic acid, the number of dropa 
of which necessary for ready neutralization have been 
previously determined. From two to two and a half 
grainmes of the finest caiToine ai-e dissolved in a dish 
by stirring with a fixed number of drops of the am- 
monia solution (which can be increased or diminished 
at pleasure), and with about fifteen cubic centimetres 
o/ distilled water, and the solution is then filtered 
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several hours are required for this purpose and a loss 
of ammonia result.? through evaporation. The alka^ 
line ammonia-carmine solution is added to a filtered, 
moderately warmed, concentrated solution of fine 
glue, while agitating ; the mbctiire is heated for a 
while upon the water-bath, the number of drops of 
acetic acid necessary to neutralize the original boIu- 
\ tion of ammonia are added slowly, and the whole is 
\ stirred. Thus the carmine is precipitated in the acid 
solution of glue. 

In injecting oi^ana that have a pretty strong alka- 
line reaction, a small quantity of acetic acid may still 
be added to the material. During the injection the 
temperature should not exceed 45° C. 

Other substances also have recently been em- 
ployed for injecting the finest lymph-spaces, such as 
oily fluids which are colored with alkanet, generally 
oil of turpentine, or even chloroform in which a dark 
resinous body, as asphalt, is dissolved. 

(J)) Injecting Ajtparatus. — An injecting-syringe 
is often employed, which must work well and be 
very carefully cleansed after using; the syringe is 
connected with the canula, either directly or by 
means of a rubber tube. The syringe and canulEe 
are made of metal or glass ; the latter we can easily 
prepare for ourselves of any desired shape. The 
piston of the syringe must not fit too tightly, and 
must move quite smoothly, without jerking. 

Injection under constant pressure is an under- 
taking rather more complicated, but is one to be 
highly recommended. If the large machine of Her- 
ing is not at hand for this purpose, the necessary ap- 
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paratus can be easily armnged by means o£ Bomfl^J 
wash-bottles and rubber tubes. The bottles are^J 
closed by rubber stoppers, perforated in two places, 
each of which is armed with two glass tubes in the 
ordinary manner, the short, thick one ending just ^ 
below the stopper, while the other long one reaches H 
down to the bottom of the bottle. One bottle. A, is V 
nearly filled with the injecting-fluid ; the long glass 
tube which dips into the fluid is connected at its other 
end with the injecting-canula. The other short tube 
is connected with the second bottle, B, which serves m 
as an air-chamber, and at ftrst contains nothing but air. H 
This second bottle is again attached, by means of a B 
long rubber tube and the glass tube that extends to H 
the bottom, with a pressure-vessel, C, which can be ele- f 
vated at will (by placing blocks under it) and is filled 
with mercury. If, now, the mercury is allowed to flow 
from the pressure-vessel, C, into the bottle, B, which 
represents the air-chamber, the air-space in 5 is sub- 
jected to a pressure corresponding to the difference 
in level of the mercury in the two vessels ; this 
pressure is at once transmitted to the inJecting-fluid 
contained within the bottle A, and it is forced into 
the lumen of the vessel under the same pressure. 
Care is to be taken that the difference in level of 
the two portions of mercury remains the same. If 
the pressure-bottle, C, is elevated according as the 
fluid gradually flows out, the injecting-pressure re- 
mains constant. If there is a bulb-apparatus at hand, 
this may be substituted for the pressure-bottle. The 
pressure-vessel can be filled with water instead of 
mercury; in order to attain a greater pressure, the 
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latter is placed upon a cupboard, etc. Of course, 
all the connections must fit accurately and in an 
air-tight manner. The carnila, which is tied in the 
vessel, is filled with the injecting- material, or with 
diatiUed water, in order to avoid impurities, and is 
attached to the syringe, or other apparatus, in soch 
a way that no air-bubble shall enter ; the injection 
can then be begun. Moreover, the stream of inject- 
ing-fluid must never be interrupted by air-bubbles ; 
they can certainly be avoided by cariying out the 
preparations carefully. 

If the injection is taking place, the Auid soon 
escapes from the lateral or adjacent branches, es- 
pecially if the organs, or portions of organs, have 
been removed at an autopsy before the injection was 
contemplated ; the vessels must then be tied. It is 
better to leave the veins open at first, so that the 
blood can escape ; these may also be ligated before 
the process is finished. By choosing proper arterial 
branches valuable injections can be made even in 
kidneys, lungs, livers, etc., which have already been 
cut through ; this will be limited, however, to por- 
tions of the organ.* The injection is discontinued 
when the staining of the organ is sufficiently in- 
tense ; the increase in the consistence of the parts 
also furnishes an indication as to when it is neces- 
sary to stop. After being injected, the specimens 
are at once transferred to alcohol. 

During the injection of organs that have been 

* Rindflciscli uses for this porpose tbin elastic catheters, wbich ftre 
inserted deeply into the interior of organs, like injecting-caaulffi ; email 
openiiigB are made at their extremities. 
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subject to pathological changes, we must frequently I 
contend with estravasations ; these can be disregard- 
ed, at least in many cases, by avoiding excessive press- 
ure. In injecting lymph-vessela we frequently use 
delicate needle-canulse (the so-called " puncture-injeo- , 
tiona "), which are carefully thrust into the organ at.l 
the desired spot; an "extravasation" necessarily got 
curs in the neighborhood of the injection, but the 
lymph-vessels are often filled most beautifully, and 
that, too, in a very simple and rapid way. 

The methods of performing injections for physi- 
ological purposes have been greatly improved and ex- 
tended during the past few years by Cohnheim, Hei- 
denhain, Arnold, Thoma, and others. These have at- 
tained much importance in connection with many 
questions in pathology, especially in the case of the J 
kidneys. However, they are only important in ex-f 
perimental investigations; we can not enter into i 
discussion of them here. 

6. Preservation of Specimens. — ^In order to pre^^ 
serve for a few days fresh specimens that lie in salt- 
Bolution, it is only necessary to place them in a moist 
space. This is very easily arranged iu the following , 
manner : A large, flat dish is filled to the height ofd 
several millimetres with water; in the dish stands^ 
upon three feet (formed of corks attached to it by 
means of sealing-wax) a small glass plate, which sup- 
ports the specimens ; a bell-glass, lined on its interior 
with damp blotting-paper, is inverted over this i 
that in this way the space in which the specimens a 
preserved Is kept closed and sufficiently moist. 
stead of the glass plate a wooden or metal Stag^ 
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may be used, in -whicli the preparations are placed in 
several layers one above the other without touching ; 
or a number of these plates or tables may be built up, 
one over the other, an antiseptic being added to the 
Bmrounding water. Fresh specimens do not preserve 
their perfect delicacy very long ; it is of no use to 
seal them up in salt-solution, since the elements are 
soon destroyed, as a rule ; and besides, the water gen- 
erally evaporates in spite of care in cementing. Many 
objects can be preserved in acetate of potash, a satu- 
rated solution of which is known to be stable in the 
air ; but in this, too, much of the original delicacy of 
the outlines is lost. 

The most important question is the preservation 
of sections made from alcoholic specimens. If the 
sections are moimted in glycerin, they are already 
sufficiently preserved, and it is only necessary to 
fasten the cover-glass so that dust, or any other im- 
purity, which collects upon it, can be wiped away. 
For this purpose the superfluous glycerin is pressed 
out by placing a bullet upon the cover-glass, and 
is absorbed by blotting-paper ; then the slide is care- 
fully cleansed around the cover-glass — that is, every 
adherent trace of glycerin is removed, which is beat 
done by means of fine linen moistened with alcohol. 
The edge of the cover-glass is then surrounded 
with some hardening cement, and is thus fixed to 
the slide. Canada balsam in chloroform, or Bruns- 
wick-black, mask-vamish (Maskenlack), etc., is used 
cement. Following Kanvier'a suggestion, I 
have long employed a thick solution of good red 
sealing-wax in alcohol For glycerin we may sub- 
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stitute glycerin-cement, whicli Kquefies on warming 
slightly and hardens on cooling. Or gum-arabic is 
added to the glycerin, so that the layer at the edge 
gradually becomes solid, Farrant's mixture, consist- 
ing of equal parts of glycerin, gum-arabic and a 
saturated solution of arsenious acid, is worthy of 
recommendation. For most cases simple mucilage is 
sufficient ; the specimens are inclosed in the sirupy 
liquid, the latter dries up at the edge, and without 
any further care the sections are permanently fixed 
and preserved. 

Preparations that have been cleared in oil of 
cloves are mounted in Canada balsam, as was pre- 
viously stated (page 40) ; here, too, further cement- 
ing is unnecessary. 
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The CiEOULATioif. Inflammation. — The obser- 
vation of pathological processes in living tissue by- 
means of the microscope is practicable only to a very 
limited extent in man; the instrument devised by 
Hater for observing the circulation in the mucous 
membrane of the cheek, and in similar regions, fur- 
nishes very defective images. In warm-blooded ani- 
mals, also, the difficulties are considerable ; however, 
these have been overcome, for Strieker and Thoma 
have constructed complicated instruments which al- 
low of the observation in mammalians of the circu- 
lation, of its pathological disturbances, and of in- 
flammation. Systematic artificial respiration is ne- 
cessaiy, otherwise the curarized animals would soon 
die ; beside this, the exposed transparent part which 
is being observed microscopically (the mesentery is 
the best) must always be kept at the temperature of 
the animal's body. All these precautions, however, 
have not hitherto led to any very important results ; 
our knowledge has not been essentially advanced 
through careful investigations made upon warm- 
blooded animals. The well-known, striking processes 
were first demonstrated in the cold-blooded animal 
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(the frog), principally by Cohnliemi. " On account oj 
the great importance of the observationa in question 
the very simple methods necessary for making them 
will be briefly described. In order to observe the 
circulation and its disturbances in frogs it is well to 
paralyze the voluntary movements of the animab by- 
means of curara. If a particle of curara one half to 
one millimetre in diameter is placed under the skin 
of a lai^e frog, the animal becomes motionless in the 
course of half an hour, while the vegetative functions 
continue. The frog's small need of oxygen can be 
supplied for days through the cutaneous respiration 
alone. Three regions in particular can then be util- 
ized for the study of the circulation. 

1. The TFeJ.— The web possesses the advani 
that it is not necessary to inflict an injury in order to 
observe the vital processes, since it is enough to sim- 
ply separate two toes and to fix them apart. This 
part is therefore very valuable for many observa- 
tions ; but it is inferior in transparency to other ob- 
jects soon to be mentioned. Although animals are 
selected which are as poor in pigment as possible, the 
pigment-cells, as well as the sharp outlines of the 
numerous layers of pavement epithelial cells, are 
troublesome. Besides, real inflammatory processes 
extend merely to a slight distance in the dense tis- 
sue; only disturbances of the circulation, vascular 
dilatation and contraction, or even necrosis, are 
caused by the action of various irritants, but infiaia>i 
matory swellings are not generally absent. 

2. TJie Tongue. — The tongue is drawn out of t] 
mouth, stretched over a ring of cork, and fasten) 
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to it by fine insect-pins, or hedgeliog-apiiies wliict 
are then cut off short. Without further preparation 
it is generally too opaf^ue for esamination with strong 
lenaes; a small piece ia removed with fine scissors 
from the upper (originally the lower) surface. By 
avoiding the vessels that are visible, the escape of 
blood is prevented aa much as possible ; the blood is 
then washed away with salt-solution. If the field is 
clear, the cover-glass is adjusted ; drying is prevented 
by dropping salt-solution upon the part, and the rest 
of the frog's body is wrapped in moist blotting-paper. 
The frog and the cork ring that supports the tongue 
are placed upon a glass plate, which is moved di- 
rectly imder the microscope. The observation can 
then be begun and continued for hours, and even for 
days. The tongue must not be stretched too much, 
lest an obstruction to the flow of blood result. 

An object thus prepared is also perfectly suitable 
for strong lenses; the escape of the white and red 
blood-corpuscles can be demonstrated very well here, 
an artificial wound serving as an irritant to provoke 
inflammation. 

3. Mesentery. — Use lai^ male frogs (recognized 
by the glands on their thumbs), so as not to be em- 
barraaaed by the oviducts and ovaries. Incise the 
skin in the axillary line over the lower half of the 
trunk ; the resulting haemorrhage soon ceases, the 
incision is then carried through the muscles, and the 
abdominal cavity is opened for a distance of from ten 
to twenty millimetres. A coil of small intestine ia 
carefully drawn out with blunt forceps, and is 
stretched over a cork ring and secured in the manner 
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described for the tongue. The mesentery must not 
be stretched too tightly, otherwise obstruction re- 
Bolts; it is then covered irith a piece of cover-glass, 
and presents a brilliant object for examination with 
the strongest objectives. The mesentery is kept 
from drying by the use of saltrsolution, while the frog 
is enveloped in a damp covering. Here also the cork 
ring is not cemented to the glass plate, but it is much 
more convenient to leave it free. The more care- 
fully the specimen is prepared, and the more all ten- 
sion and other mechanical injury are avoided, so much 
the longer is it preserved, until exquisite inflammar 
tory phenomena, arrangement of the white blood-cor- 
puscles along the walla of the vessels, emigration, etc, 
take place. In the case of the prepared tongue, as 
well as in the mesentery, we can apply any desired 
irritant, or cause any injury to the tissue, as weU aa 
to the vessels. 

The lungs and urinary bladder of the frog may be 
easily prepared for microscopical examination in a 
similai" manner. 

4. CoTTiea. — The long-lived cornea of the frog 
furnishes a good object for the observation of patho- 
logical processes, especially inflammation. The cor- 
nea, normal or inflamed (after cauterization, for ex- 
ample), is carefully excised and is placed upon the 
slide in the drop of aqueous humor which escapes at 
the time ; the edge is then nicked in several places, 
so that the membrane may be spread out smoothly. 
The vital appearances of the cells, the wandering as 
well as the fixed, can be observed for several hours 
» cornea after its removal. 
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The microscopic examination of fluids ia extreme- 
ly valuable for clinical and pathological purposes ; a 
glance at the microscope frequently establishes the 
positive diagnosis of a disease which was previously 
obscure or misunderstood. The process offers but 
few technical difficulties, since it is simply a question 
of transferring a small drop of the fluid to the slide 
by means of a glass rod, and covering it with a 
cover-glass. The drop must not be so large that 
the fluid flows over the edge of the cover-glass, nor 
so deep that the glass floats upon it — this is all self- 
evident 

Our task now consists in examining the morpho- 
logical elements contained in the fluid. These in a 
great many cases may be demonstrated at once with 
the naked eye, either in the form of a diflhised cloudi- 
ness, or as coarser shreds or granular precipitates. 
These latter objects are, of coui-se, first utilized for 
microscopical examinations, being collected with a 
small spoon, or a pair of forceps, and examined with 
powers of gradually increasing strength. The sub- 
stance should always be first subjected to a careful 
microscopic examination by transmitted, as well as by 
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direct l^t, a rule whidb, aelteTident as it floand^ 
liowerer too often disregaided br the beginnez. 

If a verr emaD nomber of formed elemeDta are 
present tliat layer of tbe .fluid is examined in which 
thej are moet Dtuneiona, generallv the sediment, since 
the elHnents are in most cases specifically hearier 
than the flaid ; only the fata float on the sarface. It 
is leas advisable to filter the fluid and to collect the 
residue from the filter, because in this way impuri- 
ties can not be certainly aroided. In other cases the 
morpholc^cal elements are so abundant that an ex- 
tremely thin layer must be used, in order to pre- 
vent tfaem from lying in several strata, one above 
the other, and thus concealing one another. It is 
necessary to dilute very thick and pultaceons fluids 
in order to render the examination possible ; serum, 
or as a rule, salt-solution, having a strength of 
three-fourths of one per cent., being used for this 
purpose. 

The Vital PrapertieH of the Suspended Elements. 
Amaihoixl Mavemenfs. — Aside from this last instance, 
we also encounter the elements in their normal men- 
struum, and can therefore be sure that they appear 
as little changed as possible, provided that all unfa- 
vorable influences are avoided. The various precau- 
tions must be especially observed if we intend to 
study the vital phenomena of the elements suspended 
in tlie fluid. The pressure of the cover-glass is next 
to be considered, since this may become considerable, 
not only by reason of the weight of the glass, but 
still more through the capillary attraction exerted 
ID a thin layer of liquid; it must accordingly be sup- 
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ported, if necessary, "by placing beneath it bits of 
glass, sueh as fragments of covers. 

Furthermore, the fluid must be prevented fiom 
evaporating, and thus changing its concentration ; 
this evil results very quickly at the edge of the 
specimen, but more slowly in the center, so much 
more slowly in fact the deeper the layer of fluid and 
the further we are removed from the edge. The 
evaporation may be reduced to a minimum by placing 
the preparation in some sort of moist ceU. Take aim- 
ply a wide glass tube, about two or three centimetres 
high, as a piece of a lamp-chimney ; the interior of 
this is lined with a thick layer of moist blotting- 
paper, and the glass is placed over the specimen as it 
lies upon a broad slide ; the opening is almost entirely 
closed above by the tube of the microscope. 

It is better to examine the fluid in the form of a 
suspended drop, by using slides with cells that have 
a depth of one or two millimetres; the latter are 
easily constructed by cementing glass rings or bor- 
ders to the slides, or they may be obtained from op- 
ticians under the name of "hollow-ground slides." If 
then the edge of the cell is oUed, and the drop of 
fluid is placed in the middle of the cover-glass, upon 
its under surface, a hermetically-sealed space is 
formed, within which no further evaporation occurs. 
This is the manner in which fluids must be examined 
in order to study the motor phenomena of the con- 
tained schizomycetes. If two tubes then open into 
the cell, we can study under the microscope the influ- 
ence of gases upon the elements contained within the 
suspended drop (gas-cell). The so-caUed " amceboid " 
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protoplasmic movements, as well as the processes of 
division in li%Tng cells may be observed in this way; 
doling this examination all corrents in the fluid itself 
must be avoided, lest a whirling about of the ele- 
ments be mistaken for a change in their shapes. The 
colorless cells of the blood and lymph, pus- and mu- 
cus-corpuscles, many cells met with in exudations, 
and even tumor-cells, afford an opportunity for these 
highly interesting and engaging observations. He 
who intends to undertake such examinations must 
proceed ever with the most painstaking care, and 
must set to work critically, but above all with great 
patience. The movements are nearly always very 
slow, even when the warm slide is used ; Strieker's 
model of the latter is to be recommended. 

Tlie Form of the Elements. — We are, however, 
mostly concerned with elements the form of which is 
perfectly constant, so that we have simply the task 
of studying tHese accurately. To this end it is neces- 
sary to view the body in question fi'om all sides ; for 
it is quite clear that a circular figure, for example, 
which is observed under the microscope may repre- 
sent either a disk, a sphere, a cylinder, or a cone ; 
even an ellipsoid, an oval, or a still more irregularly 
shajied body, may, under certain circumstances, ap- 
pear in the microscopical image as a circle. We are 
aided here first of all by the micrometer-screw, since 
we obtain by using it the outline of the observed 
object at different focuses, and thus form a combined 
stereoscopic image ; also by the passive movements 
which we can cause the object to make by allowing 
it to revolve around its different axes ; the simplest 
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way to effect tliis is by exciting a current in the 
fluid, eitlier by means of a bit of absorbent blotting- 
paper placed at the edge of the cover-glass, or by 
pressing upon the cover \rith a needle. The beginner 
will sometimes during the course of these manipula- 
tions, not only turn and roll the body in question, 
but win cause it to disappear entirely from the field 
of vision ; however, he soon acquires the necessary 
delicacy in graduating the pressure, and can then dis- 
criminate sharply concerning the forma of elements 
as seen from different aspects and thus easily deter- 
mine their stereometrical figures. 

The Examination of Timue-Jluid, etc. — In exam- 
ining fresh organs it is often of great importance to 
promptly observe the isolated elements (cells, etc) 
of the same ; in many cases this is accomplished in 
an extremely simple manner by examining the tissue- 
fluid which has been wiped away. For this purpose 
a freshly cut surface is always exposed, and this is 
scraped with the blade of a scalpel. In proportion 
to the stability of the elements on the one hand and 
the firmness of their cohesion (or that of the cement- 
substance) on the other, we succeed, by employing 
firmer or lighter pressure, in isolating in this simple 
and very convenient way the elements of most jiaren- 
chymatous organs, or at least some of them. We 
must of course always bear in mind the narrow lim- 
its of the method ; but much time may be saved in 
this manner, since it is often by no means necessary 
in order to answer certain questions to examine accu- 
rate sections of the organ under consideration, that is, 
if the isolated elements aje sufficiently characteristic 
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The tissae-Soid that has been scraped off most 
usually be diluted before it is examined microscopi- 
cally ; Bal^solution is used for this purpose as a rule. 
A fine glass capillary tube can be inserted into many 
soft tissues and the tissue-fluid with its suspended 
elements be drawn into it ; E. Neumann employs 
this method particularly in examining the lymphoid 
cells of marrow. The elements are thus always ob- 
tained in their natural menstruum. It is possible to 
isolate the elements of soft tissues in a very simple 
mamier by lightly teasing with needles ; the bit of tis- 
sue is rapidly torn into small pieces in a drop of salt- 
solution. The fluid is thus filled with the separate cel- 
lular elements that are removed from the fragments ; 
these elements are examined as they float freely in the 
fluid, and so are all of the bits of tissue which have 
become sufficiently transparent, at least at their edges. 
In the case of fibrous tissues, as muscles and nerves, 
the elements are isolated in the direction of their ver- 
tical axes by careful teasing with needles. 

The Examination of Micro-organisms. — On ac- 
count of the great and ever-increasing importance, aa 
well as the peculiar character of the subject, it is ad- 
visable to discuss separately the examination of fluids 
for micro-organisms, especially for schizomycetes. 

First of all it is evident that in these investiga- 
tions every impurity must be rigidly excluded ; care 
must be taken in obtaining the fluid to insure abso- 
lute cleanliness of the vessels, canulse, etc. Further- 
more, the objects must always be examined when they 
are perfectly fresh ; micro-organiems can develop in 
great numbers within a few hours since their germs 
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ai'e everywhere diffused. The latter are present on 
the sides of every vessel, no matter how clean it is, 
and on every wiping-cloth ; in smaller numbers also 
in the atmosphere, especially in inhabited rooma 
(hospital-warda, laboratories, etc.), so that it requires 
special precautions, such as the prolonged heating of 
all vessels to above 100" C, in order to collect and to 
preserve fluids without contamination ^vith the acci- 
dental germs of minute organisms. The generatio 
eqvmoca of cleft-fungi, the doctrine of which was re- 
peatedly revived a few years ago, always resulted 
from the neglect of some one of the necessary pre- 
cautions. 

The fluid is always examined in a perfectly fresh 
condition, that is immediately after its removal from 
the living or dead body ; in the latter case we must 
ever bear in mind the possibility of a post-mortem 
origin. A method introduced by E. Koch \s strongly 
recommended: the sample of fluid is removed and 
transferred to the slide by means of a platinum wire 
cemented to a glass rod, since the former can be very 
easily and surely cleaned immediately before and after 
using by heating it. 

The fluid is first examined directly, without the 
addition of any reagent, because in this way we are 
quite sure that any organisms which may be found 
really belong to the fluid itself. In many cases the 
organisms are recognized by their active movements. 
But it is necessary to use great care in this connec- 
tion, because small bodies suspended in liquids nearly 
always show, under certain circumstances, a very 
active movement — the Brownian molecular motion. 
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We do not as a rule fonn a proper conception of the 
energy of these movements, which are for the most 
part due to currents caused by evaporation. In order 
to obtain an idea of them sprinkle some finely pow- 
dered carmine into a drop of water, and examine this 
with a high power ; you will be extremely surprised 
at first at the rapidity and apparent spontaneity of 
the passive movements of the carmine granules. Be- 
fore, then, an opinion is hazarded concerning the 
" spontaneous movements " of granules which you are 
inclined to call micro-organisms, it is strongly ad- 
visable to familiarize yourself perfectly with Brown- 
ian molecular motion. Even if you think that you 
have to do with vital movements, you must always 
prove this by showing that the motion ceases when 
such agencies are introduced as are incompatible with 
the life of the organisms, such as heat, or treatment 
with strong acids and alkalies. 

Most of the micro-organisms that are of interest to 
us (especially mold-fungi, yeast- or sprouting-fungi, 
and cleft-fungi or schizomycetes) resist these reagenta 
strongly ; the spirochjetes only, which occur in the 
blood during recurrent fever, form an exception since 
they quickly perish in all the different reagents, 
even in distilled water. This capacity of resistance 
of the microbes can also be utilized for their diag- 
nosis, because granules of protoplasm, for instance, 
dissolve in strong acids and alkalies while schizomy- 
cetes remain unchanged. If the latter are grouped 
in so-called colonies (as the zoogloe-maases) they 
often stand out clearly after treatment with strong 
acr ' or liquor soda, since the cellular elements 
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and other granular matters, which previously con- 
cealed the eolonies, are entirely cleared up. Their 
disposition in chains, or the characteristic form of the 
separate individuals (rod-shaped, oval, etc.), often ren- 
ders the diagnosis of micro-organisms possible with- 
out further difficulty. We must always guard against 
mistakes ; granular unorganized precipitates may he 
taken for micrococci and minute crystals for bacilli, 
and even very small fat-granules may cause a careless 
observer to err. 

KocJCs Method of Stainitig Dried Prq)arationa. — 
Under some circumstances it is certainly by no means 
easy, and is often quite impossible, to arrive at a 
positive opinion regarding the significance of minute 
granules that are contained in any fluid by a simple 
examination, and by the application of the ordinary 
micro-chemical reactiona. In these, as well as in all 
difficult cases in general, in fact in everj' instance 
where it is desirable to make permanent preparations, 
the method of drying and staining is employed, which 
originated essentially with Koch and Ehrlich. 

This depends upon these two facts: 1. If a thin 
layer of fluid is dried rapidly, the forms of the cellu- 
lar elements and schizomycetes are not materially 
altered; 2, the schizomycetes are marked by their 
great affinity for the basic aniline dyes, and may in 
this way be distinguished from other granular bod- 
ies. It should always be observed that not only the 
schizomycetes, but other bodies also (as cell-nuclei 
and their fragments and certain protoplasmic gran- 
ules) show the same affinity for the dyes in question, 
so that in using this method it is necessai-y to criticise 
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Btrictly the value of the objects found. It is also 
probable that there may be varieties of scbizomycetes 
which do not possess this affinity ; the fonns thus far 
known all show a very strong capacity for dyeing, 
but many, however, stain only under certain fixed. 
conditions. The process is aa follows : The fluid : 
spread out in the thinnest possible layer upon the 
cover-glass or slide, either by separating the drop into 
a very thin layer by means of a needle or platinum 
wire, or by placing another cover-glass upon it and 
again removing the same. The beginner easily fails 
by making the layers too thick ; they must be as thin 
as those used for the examination of the blood. 
Then the fluid is dried in the air, and is exposed for a 
few minutes to a temperature of 120° C. ; it is enough 
to pass the glass with the dried liquid carefully 
through the flame of a gas-burner three times, with a 
motion about as rapid as that with which one cuts 
bread (Koch). The necessary experience in warm- 
ing the specimen eia£Bciently, without overheating it, 
is soon attained. Warming Is especially required for 
fluids that are rich in albumin, its principal purpose 
being to transform the albumin into an insoluble var 
riety ; it must not be prolonged above five or ten 
minutes when scbizomycetes are present, else their 
staining power will be impaired. After warming* 
the preparation is stained. A drop of a strong solu- 
tion of gentian-violet, methyl-blue, fuchsin, or Bis- 
* Heating may he dispensed with in the ease of non-albuminouB 
fluids ; layers of strongly albnrainons fluid, on the contrary, if they are 
simply dried and are then treated with staining- solutions, are apt to swell 
readily and to partially dissolve ; hence with these the beating or c 
ogalaCion of the albumin precedes. 
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marck-bro^Tn, in short of any basic aniline dye, is 
poured upon it and is left standing for a little while 
(from one to several minutes), after which it ia 
washed off with distilled water; a bro^vn, blue, or 
red cloud is then observed at once upon the glass. 
The examination may be undertaken directly, by 
placing the cover-glass, with the dried and stained 
layer of fluid upon its under side, on the slide with a 
di-op of distilled water. The water adhering to the 
upper surface ia easUy removed by sucking or blow- 
ing it vrith a glass pipette. If the under surface of 
the cover is again dried (and this is also accomplished 
most quickly by blowing upon it through a tube), 
the specimen may be at once permanently mounted 
in a drop of Canada balsam, prepared with chloro- 
form. If a longer time (several minutes) is desired 
for staining, the coloring of the film of fluid that has 
been dried on the cover may be effected in a watch- 
glass. Most of the other granular elements are also 
stained, but methyl-blue has the advantage, according 
to Ehrlich, of not overstaining even after acting for 
hours. 

The cellular elements may generally be preserved 
perfectly well in their original forms in such a prep- 
aration ; the changes of shape in some of these, caused 
by the spreading out of the fluid (comet-shaped fig- 
ures), are very readily recognized as such. The nuclei 
and also the schizomycetes are stained with special 
intensity, so that in this way they are brought into 
view in a striking manner. Ehrlich has recently 
recommended very highly for staining schizomycetes, 
methyl-blue in a concentrated watery solution that 
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must act for half an hour and longer. In the author's 
experience the before-mentioned dyes, especially gen- 
tian-violet, have given about the same results as me- 
thyl-blue. 

Eveiy one who becomes acquainted with this sim- 
ple method must adopt the opinion that these are 
undoubtedly the beet ways hitherto known of demon- 
strating micro-organisms in fluids (that is, with the 
modification proposed by Gram. Compare p. 75). 
In examining specimens thus prepared with strong 
immersion-systems and with an open condenser, we 
recognize at once the shaiply-deflned, deeply-stained 
micro-organisms in their characteristic forms and 
groupings, and leani veiy soon to diagnosticate as 
such certain impurities or precipitates, and to distin- 
guish them from echizomycetes. In mucous fluids 
principally, such as synovia, we have to contend 
with precipitates, since the mucus always tatea a 
pretty deep color with these dyes; nevertheless it 
only requires slight practice in order to show prop- 
erly the irregular, granular, and thready masses. 
By treating the stained specimens for a short time 
with a dilute solution of iodine and iodide of po- 
tassium, the color of the schizomycetes usually ap- 
pears more intense ; or the nuclei may be subse- 
quently decolorized by treatment with alcohol, and 
separate staining of the parasites may be produced 
(Gram). 

Finally, it should be observed that tuhercle-hacilU 
are never stained by this method; they differ in this 
respect from all the other known forms of schizomy- 
cetes. Baumgarten has even proposed to make use 
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of their negative peculiarity, or fjiilure to stain, for 
their rapid recognition in sputa. 

Tissue-fluid can be examined for Bchizomycetes, 
after being dried and stained, precisely like ordinary 
fluids. If a fresh, clean-cut surface of an oi^an be 
stroked with a heated platinum wire a sufficient 
quantity of liquid is generally obtained, which is then 
rubbed directly over the cover-glass with the wire. 
This process is very valuable as furnishing the most 
convenient and rapid demouatratiou of the micrococci 
of pneumonia. 

He who desires to pursue oiiginal investigations 
will naturally not be satisfied with the simple demon- 
stration of micro-oi^anisras, but will be obliged to 
study their peculiarities more closely. The method 
of drying upon the cover-glass is very convenient for 
this purpose ; fifty or more diy preparations can be 
very easily made from a single fl,uid or £i-om a cut 
surface of an organ, and can be kept unstained in a 
small dish as long as is desirable. In this way a large 
number of nearly identical cover-glass preparations 
are obtained, which can be studied in various ways 
by the aid of chemical reagents and different stain- 
ings. 

It ia quite clear that all schizomycetes do not re- 
act in the same manner with all the basic aniline 
dyes ; the most important differences, so far as is yet 
known, are those displayed by the encapsulated mi- 
crococci of pneumonia. However, we may assume 
that, with continued investigations, other schizomy- 
cetes will be found to manifest specific reactions of 
this character. 
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1. Blood. — The esamination of blood ia easily 
effected, in accordance with the principles ali'eady 
stated. A drop of blood, obtained either by copious 
bleeding or by the prick of a needle, is taken up 
neatly and covered ; great care must be employed to 
have the layer extremely thiu, so that never more 
than a single stratum of blood-corpuscles may be 
present. When the drop is to be taken from a punct- 
ured wound, the skin in its neighborhood must be 
carefully cleaned and dried, and the needle that is to 
be employed must be heated Just before using ; in 
spite of these precautions we should be prepared to 
meet with certain impurities, though only such as 
epidermal scales, etc. It is better to wipe away care- 
fully the droi) which first wells up, to allow a new 
one to appear, and then to take up a small portion of 
this on a cover-glass that is held over it ; the cover 
with the adherent drop (which should be at moat 
not larger than the head of a small pin) is then placed 
gently on the slide, so that the blood is spread out in 
a very thin layer between the two glasses. 

If the layer has been made sufficiently thin, we at 
once recognize between the discoid red blood-cor- 
puscles the clear transparent plasma and the white 
cells, which, as is known, exist in small nimibers 
in normal blood. There are also found in normal 
blood variable numbers of small, irregular granules 
or particles, which have been described as elementary 
granules or products of degeneration. There is still 
a difference of opinion as to their significance. It 
ia probable that elements possessing quite different 
degreeB of importance are hidden away among them ; 
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the " blood-plates " recently described by Bizzozero, 
wbicli, according to tliis author bear a close relation 
to coagulation, have always been regarded hitherto 
as indifferent bodies resulting fi-om decomposition. 
Hayem describes them as hsematoblasta, or elements 
out of which the red blood-corpuscles are to be 
formed ; it is highly probable that he is wrong. The 
number and size of these little bodies rarely vary ; 
whether they possess any pathological significance or 
not is BtiU uncertain. They were once regarded by 
Lostorfer and Strieker as characteristic elements of 
syphilitic blood, and were called "syphilis-corpus- 
cles " ; if this view were correct every man would be 
syphilitic. 

As regards the action of the ordinary reagents, it 
is well known that distilled water, as well as acids 
and alkalies, causes the red corpuscles to swell and 
become pale ; the haemoglobin is rapidly discharged 
so that the corpuscles almost entirely disappear. In 
order to preserve them as far as possible in their natu- 
ral form, solutions of a certain strength (so-called in- 
different fluids) must be employed : for example, a 
solution of sodium chloride from three-quarters to 
one per cent. ; concentrated salt-solutions always pre- 
serve the blood-corpuscles, but they occasion essen- 
tial changes in their form and size — that is, they 
cause them to shrivel up. 

It is always advisable in examining abnormal 
blood to observe it directly and when undiluted. 
The following are the most common changes in the 
blood: 

(a) Diminution of the Nnmher of Red Blood-cor- 
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puscl^s in Anaemia. — It ia easy after a little esperi- 
ence to establish at once, -without the aid of additional 
apparatus, the existence of the more mai-ked degrees 
of this change, by compaiing a specimen of the patho- 
logical with one of normal blood ]irepared in the 
same manner. If more exact determinations are de- 
sired, a blood-counting apparatus is required ; tbe' 
instrument most worthy of recommendation is per- 
haps the one devised by Thoma,* which is constructed 
by the optician Zeiss in Jena, The exact directions 
for using this apparatus will be found in the passage 
cited. While the normal number of red blood-cor- 
puscles is about five million to the cubic millimetre, 
it may in severe cases of antemia fall to five hundred 
or even to one hundred and forty-three thousand 
(Quincke) ; it ia evident that advanced grades will 
have already been clearly recognized without special 
counting. 

(Jt) Climige in the Size a)vd Shape of the Med' 
BhodrGorpvsdes, or Poihilocytosis. Nixdeaied Sed 
Blood^orpusdes. — ^The red corpuscles, bb is known, 
aU possess normally the same characteristic discoid 
shape, with a depression on both sides ; the center is 
thinner, and is therefore leas deeply colored than the 
edge. The size of the normal red blood-corpuscles 
also varies within relatively nan'ow limits, aa any one 
can readily prove to himself. There appear in most' 
cases of anaemia, but with especial regularity in so- 
called idiopathic pernicious anjemia, beside normal 
corpuscles numerous Irregular and, as a rule, smaller' 

* Lyon and Tlioma, " ITeber die Methode der Blntkurperzahlang," 
"Yirdb. Arch.," Bd. 84, S. 81, 



1 



i 

s 

:l 

i 
i 

1 

4 



TEE EXAMINATION OF FLUIDS. 129 

bodies, eontaming hasmoglobin, called microcytes, and 
sometimes also otbera wliicli exceed in size the nor- 
mal red disks (megaloblasts of EhrEcL). Nucleated 
blood-corpaaclea are observed (though rarely) in the 
direct examination of ansemlc blood. Ehrlich has 
found, by examining dried and stained preparations 
of blood (obtained according to the method described 
on page 122, except that the warming occupies more 
time), that nucleated corpuscles may be demonstrated 
in all severe cases of anaemia, whether of traumatic 
or idiopathic origin. He showed this point of differ- 
ence, that in traumatic or secondary anasmia nucleated 
blood-corpuscles are found of the same size as the 
normal red disks (noiTQoblasts), while the large 
forms, or megaloblasts, are characteristic of idiopathic 



As regards the microcytes and poikilocytes, it 
should be stated that they very probably represent a 
degeneration-product, or a form of disintegration of 
the normal corpuscles ; many analogous foima can be 
found in the blood of a cadaver when examined about 
twenty-four hours after death, and under certain con- 
ditions they may be seen to develop in the specimen 
of blood under one's very eyes (Vulpian). In every 
case in which we desire to observe these objects the 
blood must be examined in a state as little changed 
as possible. Certain forms of microcytes are, how- 
ever, to be regarded as artificial products. 

(e) Tncrease in the NuTnher of the White Slood- 
corpuscles. Ijevxx}cytosis and Lev/^wmia. Changes in 
the Granular Prot-oplasiTi. — In many affections, espe- 
cially in febrile conditions, the white blood-corpus- 
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cles are increased absolutely and relatively as coi 
pared with the I'ed (leucocytosla of Virehow). Th( 
proportion of the wliite to the red corpuscles is noi 
mally one to three hundred, or even less ; we C! 
easily learn from a direct examination of the bh 
(which should be observed in this case also in 
natural state) to estimate pretty accurately the rela*-' 
tive increase of the white cells. In leucocytosis, a 
condition that may again retrograde, the white cor- 
puscles are increased to one in fifty, and even more 
in leucsemia, which is, as a rule, a persistent an* 
necessarily fatal disease, the proportion increases 
much in the most serious cases that the white cor- 
puscles exceed in number the red. At the same time 
the absolute number of the red disks is very consider- 
ably diminished ; the counting-apparatus : 
for the precise determination of these pn>portions. 

The condition of the granular protoplasm withii*' 
the leucocytes is a subject of extreme interest ; tl 
has been studied of late by Ehrlich.* Ehrlich pre*' 
pares dried specimens of blood in very thin layers, 
and heats these for some time at a temperature of 
about 120° C If different staining-solutions are now 
allowed to act upon these preparations, constant varifj 
ations in the coloring of the protoplasmic granuleQti 
within the leucocytes are obtained, which are of 
great physiolo^cal, as weU as diagnostic, signifi- 
cance. He distinguishes in this manner five differ- 
ent kinds of granules, from the alpha to the epsilon 

•EhrlicU'a statemeota with refarenoe to his methods o( staining and 
their resalts are scattered thronghoot several dissertations, written by 
his papils, an well as in a number of minor articles in different pti 
B "(WO injndioious way of publishing. 
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variety; the a granules, also called eosinophil gran- 
ules, are characterized by their property of staining 
deeply with acid dyea, euch aa eosin. These eoain- 
ophil grannies are present in only a very few normal 
human white corpuscles, and it is possible to distin- 
guish a beginning leucsemia from an ordinary leuco- 
cytosis by the presence of numerous eosinophil cells. 
The demonstration of these cells ia, according to Ehr- 
lich, very simple ; a dried and warmed blood-prepa- 
ration having been rapidly stained with a drop of a 
solution of eosin in glycerin, is washed in water, and 
is then dried and mounted in Canada balsam. If the 
eosinophil cells are increased in number, they will be 
seen at once aa red bodies. 

(<f) Other Cell- Elements which appear in the Blood. 
Worms and Schizomycetes. — During typhoid fever 
there are found in the blood large cella, which con- 
tain in their interior several red blood-corpuscles 
(Eichhorst). It is quite probable that these come 
from the spleen, since at autopsies similar bodies 
are found regularly in the splenic tumor of typhoid. 
Flat cells loaded with fat-drops are frequently ob- 
served in the blood in acute infectious diseases, 
especially in recurrent fever; they are regarded as 
endothelial cells from the walls of the vessels. Cells 
containing granules and flakes of black pigment, aa 
well aa free masses of the same, appear in the blood 
in severe malarial poisoning (melautemia). Tumor- 
cells, which circulate in the blood in cases of malig- 
nant metastatic growths, we can scarcely ex^ject to 
find in esamioiag the blood obtained from the capil- 
laii^ by a needle-puncture or cupping-glass ; these 



THE USE OF THE MICROSCOPE. 



cells are only cliaracteristic, as a rule, when they reach, 
considerable dimensions, so that they can not pass 
through the narrow capillaries. Of the animal para- 
sites, FilaHa mnguints hominU and Distoma Jubtho- 
tobium appear in the blood of man, but both are 
found only in tropical, or sub-tropical, countries, 

Schizomycetes have hitherto been regularly dis* 
covered in human blood only in two affections, the- 
BaciUua anthracis in anthrax (Davaine), and the 
SpirocTuEta Ohermeyeri in recurrent fever.* The 
blood is examined' directly in a very thin layer, with- 
out the addition of any reagent, or dry preparations' 
may be heated in the manner already described, and 
stained with gentian-violet, methyl-blue, etc. The 
anthrax-baciUi ai'e slender, motionless rods which re- 
sist most reagents ; the spiriHi of recurrent fever, oa 
the contrary, move very actively, and ai'e easily de- 
stroyed by most fluids that are added to them, even 
by distilled water. The presence of the spirilli is, as 
is known, limited to the febiile stage of the disease 
they are found only very rarely for a short time after 
the attack. They are, on the other hand, never ab- 
sent during the progress of the fever, so that they 
may be regarded as a sure diagnostic criterion of thia 
affection. However, they are sometimes present only 
in small numbers, even in rather severe cases, and may 
perhaps be overlooked on a cursory examination. It 
is advisable in these instances, if it appears to be 
of sufBcient diagnostic importance, to remove several 
grammes of blood by means of a cupping-glass, and 

• TaberoIe-bacUIi have as yet been found by Weiohaelbanm only ii 
the blood ol a aabjeol after deatb from general miliary tnberenloaia. 
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to allow it to coagulate. The spirilli are then apt to 
gradually collect at the edges of the clot, to the num- 
ber of twenty or more, and are even rolled into a 
knot, or united together in the form of a rat>king 
(Rattentonig*). Since, after being removed from 
the body,t they continue their active lashing move- 
ments for hours, or even days (although kept at the 
temperature of the room), when collected in groups 
they cause violent currenta in the fluid, so that at- 
tention is often directed to them even when a low 
power ia used. The spirilli may be very easUy stained 
in dry preparations with the different aniline dyes, as 
gentian-violet. The history of theii' development is 
still unknown ; whether the supposed movable cor- 
puscles and double granules, which have been seen in 
the blood in recuiTent fever, as well as in other infec- 
tious diseases, and sometimes even iu normal blood, 
and have been described as " micrococci," or spores, 
are really to be regarded as such, is ettll doubtful. 

In every case the reports concerning the occur- 
rence of micro-organisms in normal blood are thor- 
oughly untrustworthy ; most of the communications 
also concerning the so-called micrococci, monads, or 
rods, seen in the blood during various infectious dis- 
eases, such as diphtheria, hospital gangrene, erysipe- 
las, etc., as well as in intermittent fever, are not suffi- 
ciently supported. Even in pyaemia and in ulcera- 
tive endocarditis no organisms can usually be de- 
monstrated by an examination of the blood of the 

* Thid ojpreasioD signiGeB aeverat rata, which have been attached 
together hj their tails. — Thans. 

t It has been recently atated that they are even ohsorved to in- 
crease in nnmheV outside at the body (AJbrecht). 
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I living, while after death the capUlanes in many H 

I places are found to be plugged with micrococci. It V 



is not unlikely that in such cases the organisms enter 
the blood in batches, possibly only in small numbers, 
and that they then soon lodge in the capillaries, in 
which, under certain conditions, they may rapidly 
multiply. It should be remarked also that, although 
micro-organismB are often observed in pus-corpuscles, 
they have, as yet, never been certainly found in the 
interior of the human white blood-corpuscles, although 
the latter are accustomed to appropriate with avidity 
other finely granular matters. Probably the future 
will bring further discoveries in this direction ; it is 
quite possible that within the corpuscle, which we have 
hitherto been forced to describe in a loose way as a 
product of degeneration, there lie concealed important 
forms, which we shall one day learn to differentiate, 

(e) The Examination of Blood-Stains. H(smin- 
Ofyatale. HcBmatoidin. — Blood, when dried upon 
wood, linen, metallic instruments, etc., is frequently 
the subject of medico-legal examinations. It is very 
often possible, after soaking in proper fluids, espe- 
cially in salt solution (eight tenths of one per cent.) 
and liquor potassse (thirty-three per cent.), to isolate 
blood-corpuscles from such stains, and even their 
shape and size are to some extent preserved. 

Since now the blood of man and of mammalians 
is, as is well known, characterized by the circular 
form of the red blood-corpuscles, while the other 
vertebrates have oval corpuscles, we can generally de- 
cide with perfect certainty, even in the case of dried 
hlooA, whether it comes from a mammalian (includ- 
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ing man) or from some bird, etc. But beyond thia 
our art does not extend ; it is impossible to positive- 
ly identify given blood-corpuscles as human. Most 
mammalians, however, possess rather smaller corpua- 
cles than man ; those from the blood of the sheep and 
goat are on an average only a little over half as large 
aa human corpuscles, but other animals, as the dog 
for example, resemble man very closely in this re- 
spect. It is better in every instance, when deciding 
upon blood-stains, merely to state in a given case 
that the blood came from a mammalian ; it is impos- 
sible to assign a positive value to the relations of 
size, because of the differences in the mode of drying, 
and of swelling when fluid is added, which vary 
"with the age of the spot, etc. The so-caUed Teich- 
mann's htemin-crystala are also obtained from di-ied 
blood. These consist of hydrochlorate of haematin, 
and are prepared in the following manner : To a 
small quantity of dried blood placed upon a slide 
(for example, a thread dipped in blood) add a few 
drops of glacial acetic acid and a particle of salt; 
then warm the slide gradually until bubbles begin to 
form. There will be observed, forming around the 
thread, a large number of dark brown rhombic crys- 
tals, which are perfectly insoluble in water, and show 
exquisite double refraction. This test furnishes posi- 
tive results even in the case of quite old blood-spots ; 
it is self-evident that thia process can be applied to 
every blood-stained object. It is frequently necessary 
to first soak out the suspicious spot in water, and 
then to apply further tests to the watery extract. 
From these artificial products are to be diatin- 
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guiahed the hsematoidin crystals, which also occur 
a rhombic shape in old blood-extravasations, in the 
corpora lutea of the ovaries, etc., partly free and 
partly inclosed in the interior of cells. They are of 
a bright ruby or orange-red cojor, but contain no iron ; 
they are soluble in chloroform and resemble bilirubin 
very closely, in fact they are regarded by many as 
identical with bilirubin. 

Haemoglobin-cryatals, so far as is now known, daJ 
not appear normally in man, while these and other 
bodies have been found in large numbei-s in the puer- 
peral uterus of the Guinea-pig ; they may be prepared 
in different ways, for instance, by the action of a 
concentrated solution of pyrogallic acid upon blood 
that has been previously diluted with distilled 
water. 

2. Sputa. — The microscopical examination of 
sputa is of extreme diagnostic importance, and is 
therefore very frequently undertalten. The technique 
of this examination is quite simple : it is first deter- 
mined by gross inspection what substances can be 
distinguished in the sputum, since the latter always 
presents a number of different kinds of material 
which arise from various sources. Particular atten- 
tion must be paid to opaque white, or grayish-white, 
plugs, which are best seen if the sputum is spread 
in a thin layer upon a polished black porcelain 
plate ; in these plugs we generally find at once 
elastic fibers, which should be preserved, since they 
are to be regarded as cast-off pieces from the wall of 
a cavity. The so-called " asthmarcrystals " of Leyden 
nre also found as a rule in the interior of greenish- 
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wtite miliaiy plugs, which may be distinguished, even 
by the naked eye, in the otherwise clear sputum. If 
also we have occasion to loot for echinococci, or for 
other rarer additions, in short in every cjise, a careful 
nmcroscopical examination should first be made ; a 
neglect of this caution often leads to errors and 
negative results. Microscopical prepai-ations are then 
made of all these different portions, which are fre- 
quently arranged in layers one above the other, by 
transferring a bit of mucoid material to a slide, by 
means of a needle and spatula, and covering it with a 
cover-glass. It is seldom necessary to employ a dilut- 
ing fluid, such as salt-solution or distilled water. In 
examining microscopically, begin with a low power 
(from fifty to eighty), and only change this for 
stronger lenses after you have studied the entire 
specimen with the former. The elastic fibers are 
usually recognizable to some extent, even with a 
weak lens, either directly, or by the dark, friable ma- 
terial in which they are imbedded ; since the low 
power furnishes a correspondingly larger field of 
vision, there are more chances of finding them with 
this than with a high power. Besides, the former 
is not so much affected by slight differences of focus, 
so that a number of supei'posed layers in the speci- 
men may be examined simultaneously. 

Those portions of the preparation which ai'e rec- 
ognized by the low power as being peculiar, are then 
analyzed more closely with the high objective ; then 
only is the microscopical diagnosis established. 

(a) Oral Fluids. — Impurities of the most varied 
description are almost always encountered during the 
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examination of sputa. We need never expect to ob- 
tain the contents of the bronclii in an unmixed state 
the secretions of the mouth, salivary glands and throat 
at least ai-e mingled with it. We must accordingly 
leam to recognize these perfectly. Large numbers 
of epithelial cells from the mucous membrane of the 
mouth and throat are always found normally in the 
oral fluids. You will very soon leam to recognize 
these lax^e, irregular plates which, when treated with 
acids or alkalies, swell up to form globular vesicles, 
and are generally filled with numerous schizomycetes. 
In catai'i'hal conditions of the mucoua membrane of 
the mouth and throat there also appear in the oral 
fluid living epithelia, which throw out knobbed pro 
cesses and execute feeble amoeboid movements. 

In oral catarrh the superficial layers of epithelial 
cells are often cast ofE en masse, and in the coating on 
the tongues of individuals thus affected we find in 
very large numbers the goblet-shaped tips of the fili- 
form papilla, which consist of resistant, horay epithe- 
lial cells, closely adherent to one another. 

We find also many round cells, mucous or sali- 
vary coi'puscles, which come from the mucous or sali- 
vary glands (especially from the submaxiUary and 
sublingual), and to a less extent also from the deeper 
layers of the stratified pavement epithelium. These 
are originally small amceboid cells, analogous to 
lymph-corpuscles, but under the influence of the di- 
lute parotid saliva they become changed, assuming a, 
globular shape, while a limiting membrane stands out 
in contrast with the clear contents ; the latter in- 
eludes one or two round nuclei, besides a larse num- 
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ber of fine granules, wliicTi are always seen in active 
daucing motion — moleoular motion in salivary cor- 
puscles. These granules are not, as has been sup- 
posed, parasitic organisms, at least they never stain 
in aniline dyes ; whether theu- active movement 
represents a vital phenomenon or not, somewhat 
analogous to the protoplasmic currents in the cells of 
plants, has not been determined. 

But, besides these, numbers of micro-organisms of 
diJferent sorts roll about fi-eely in the fluids of the 
mouth, such as stiEE, long tlireads of leptothris of 
varying breadths ; globular cocci, of different sizes, 
frequently an-anged in the form of chains or compact 
groups, and not seldom bacilli ; and very beauti- 
ful forms of spirochsetes, which in their shape and 
serpentine movement closely resemble the spirilli of 
recurrent fever, except that they usually attain much 
larger dimensions than the latter. The less careful a 
person is about cleansing his mouth, the larger are 
apt to be the masses of micro-organisms which collect 
there ; but they are never entirely absent, even when 
the greatest cleanliness is observed, for the germs of 
sehizomycetes, that are always contained in the in- 
spired air, invariably find in the fluids of the oral 
cavity the most favorable nidus. One species of these 
was regarded as the cause of dental caries, but this 
ia probably erroneous (W. Killer). By inoculating 
animals it is found that there are a great many 
pathogenic cleft-fungi in the normal human saliva. 

Budding fungi are only occasionally present in 
lai^e numbers in the oral fluids, but a species of 
thready fungus, the parasite of aphthae, or < 
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albicans, is frequently found ; this occurs, as is known, 
moat often in bottle-fed eliildren, and in adults whose 
syBtems are greatly reduced, as in the phthisical. 
This fungus consists of branched or limb-like threads 
with oval spores, which form a more or less thick 
mycelium between the epithelial cells of the super- 
ficial layers and upon the surface itselt 

There often appear in the saliva, in addition to 
these elements, various remnants of vegetable food. 
For several hours after a meal many persons retain 
in their mouths, especially between the teeth or in 
carious cavities of the same, microscopical sam- 
ples of their repast, such as often astonish and per^ 
pies the beginner when examining the espectorar 
tion. 

The miicouB fluid contained within the nasal cavi- 
ty, vrith which blood is frequently mixed, may also 
occur in the expectoration as an impurity, as well as 
the contents of abscesses that open into the cavity of 
the mouth and throat (dental, alveolar, tonsillar, and 
retropharyngeal abscesses). Special attention should 
be called in this connection to the small concrements, 
sometimes exceeding a pea in size, which often form 
in the crypts of the tonsils, through the incrustation 
of the retained secretion with lime, and are occasion- 
ally dislodged during a fit of coughing. The patient, 
and often the physician also, are greatly disturbed by 
the appearance of this supposed pulmonary calculus, 
but the correct diagnosis is very easily made on mi- 
croscopical examinations. The lime is dissolved by 
the addition of dilute hydrochloric acid, and there re- 
mam then the large, homy, epithelial cells (which are 
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r eometimes diBposed in tlie form of concentric balls) 

[ and numerous micro-organisms. 

, {}>) Products of the Seffpii'atwy Mucous Memhraofie. 

I — After you have made yourself perfectly familiar 
with all these elements which appear accidentally in 
the expectoration, you can proceed with profit to the 
microscopical examination of the latter. The chief 
component of the expectoration is the excretion of 
the inflamed mucous membrane of the respiratory 
tract, a fluid containing more or less numerous round 
ceUa. The secretion of the mucous membrane of 
the throat and upper part of the larynx, as far as 
this is lined with stratified pavement epithelium, is 
also exceedingly rich in cast-off cells ; in the upper 
part of the respiratory tract, on the contrary, as 
well as in the lower portion of the larynx, trachea 
and bronchi, and at every point where the membrane 
is covered with long, cylindrical ciliated epithelium, 
desquamation occurs only in exceptional cases. It is 
i-are to meet with ciliated cells, or their remains, dur- 
ing the examination of sputa. 

The vitreous, transparent portion of sputa con- 
tains but few formed elements ; the more numerous 
the latter, so much the more turbid and opaque is the 
sputum. 

Round cells occur most frequently in puralent ex- 
pectoration, in which case there are generally num- 
bers of fine fat^granules in the protoplasm of the cells, 
which increase their opacity, and give them a yellow- 
ish tint. The round cells are, in most instances, dead 
and motionless, and consist of protoplasm containing 
dark granules and one or more nuclei ; a special wall 
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is not usually present, but the edge of the cell pre- 
sents fine indentations which look as if they had been 
gnawed out. The protoplasm is usually so extremely 
granular that the nucleus (or nuclei) is concealed ; the 
latter comes out more clearly after being treated with 
acetic acid, while the granules of protoplasm for the 
most part disappear. The majority of the round cells 
that are found in the sputum are about the size of 
white blood-corpuscles, or a little larger. It may, 
in fact, be assumed that a lai^e part of them are to 
be regarded at once as emigrated white blood-corpua- 
cles, while another part may originate from the mu- 
cous glands, or from the inflamed mucous membrana 
But in addition to these we find not infrequently 
larger round cells of an epithelial type, which are 
characterized by thin, clear, somewhat circular out- 
lines and single vesicular nuclei ; that is, the nucleus 
is bordered by a dark, sharply-drawn line, while its 
interior is clear and contains one or more nucleoli. If 
these epithelioid cells are stained (which is best accom- 
plished by treating the dried and heated preparation 
with basic aniline dyes) the nuclei do not take such a 
dark and even shade as those of the ordinary small 
round cells, but a difference may always be recognized 
between the deeply-stained periphery and the clear 
center. A few fat-granules are also found now and 
then in the protoplasm of these larger cells, and often 
also black pigment, in the shape of minute granules or 
irregular scales — so-called lung-pigment ; blackish, or 
coarsely-gray spots and streaks are frequently ob- 
served, even on macroscopic examination. By micro- 
scopical analysis it ia proved that the black staining is 
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hardly due to the abundance of pigmented cells, and 
that free pigment is usually present in only a small 
amount. These dark granules and scales in the cells 
are all to be regarded as inhaled coal-dust that has 
fallen upon the surface of the respiratory mucous 
membrane, has been retained thei'e, and has been sub- 
sequently taken up into the interiors of the amoeboid 
cells. These pigmented cells are almost never absent 
from the secretion of the throat and respiratory tract 
in the case of individuals who have ample opportunity 
to inhale coal-dust, such as miners and inveterate smok- 
ers ; but every man who, under our conditions of civil- 
ization, lives for the most part in closed and heated 
apartments, or even in the open air exposed to the 
influence of sooty chimneys, has an opportunity with 
every breath that he draws to introduce finely-divided 
coal-dust into his respiratory organa The more mu- 
cus there is secreted on the surface of the respiratory 
tract, the more coal-dust there is retained ; a portion 
of it makes its way into the interstitial tissue of the 
longs and into the lymph-glands, through the aid of 
the amoeboid cells, while another part is cast off again 
with the sputum. 

Genuine pigment, however, or that which arises 
within the organism itself appears very seldom ; it 
is at once recognized by its brownish (not black) 
color and it points either to a previous hsemorrhage, 
or to an obstruction in the venous circulation of the 
limgs, with the escape of red blood-corpuscles and 
the transformation of the same into pigment (brown 
induration of the lungs). Hsematoidin-crystals are 
sometimes found also. In the larger epithelioid cells 
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baire been ionnd in Ae w««*m^ qntnm of entirely 
heahiiy moi, and in snq4e Immt^ial catairlLf It 
IB likewise extrandy doobtfol if they were reaDy re- 
guded in all cases as cast-off epithelial cells of the 
polmonaiy alveoU; on the contrary it has become 
probable as the result of many examinations that 
nnder eome circomstaDcea ordinary migratory cells 
(leucocytes, etc) may be transformed into such epithe- 
lioid elements. 

Among other cellalar forma, we occasionally eitl 
counter cells filled with fat-granules (in snb-acatoi 
pnenmoDJc processes), and rarely giant-cells (in tuber^ j 
culur phthisis). 

• Buhl, " LitDgcnentzQndoDg, Schwindsacht, nnd TnbercnloBe," 
Uannhen, 18T2. 

f UrjRipnro Outtmaiin uod Bniidt, "Zeitschr. fDr fclio. Med.," Bd. 8. 
pBnl!!M, "Deabioh. Arch, for klin. Med.," 188 
triilM, ror kliu. Hed,," 1881, S. S20. 
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(c) Ela8tic Fibers. JFibriiu>U8 Mcudation. 
AsthTnOrOrystdla. — The finding of elastic fibers in 
the sputum is naturally of very great importance, 
since through these we infer at once a degenerative 
process in the interior of the lungs. As already 
stated, we find elastic fibers in the opaque plugs be- 
fore described ; it is frequently possible, by the addi- 
tion of strong acetic acid, to render even very thick 
portions of these plugs quite transparent, so that the 
elastic fibers within them, which are known to resist 
the acid, appear most beautifully. The be^nner 
sometimes regards as suspicious small bits of cotton- 
fibers, etc., which also resist acetic acid ; needle-shaped 
crystals of fatty acid which often appear in great 
quantities in sputa during putrid bronchitis, pulmona^ 
ry gangrene and similar affections, may possibly, by 
reason of their long, wavy shapes, give rise to en-or. 
These melt when heated gently and are transformed 
into small fat-granules. We should lay it down as a 
rule to make the diagnosis of elastic fibers only when 
several of these are united and, by their characteristic 
wavy course, make it clear that the framework of an 
alveolar wall is present. 

We frequently meet with lai^er coherent pieces 
of the framework of the lung, including several alve- 
oli ; the more numerous and the larger these micro- 
scopical fragments of lung are, so much the more seri- 
ous and rapid must we consider the destructive pro- 
cess. 

It should be remarked also that in pulmonary 
gangrene we sometimes fail to find any elastic fibers 
in such expectorated fragments of lung as are 
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recognizable under the microscope ; these are gradu- 
ally dissolved in the putrid fluids. Traube, who 
called attention to this condition, recognized in this 
a point of differential diagnosis from pulmonary ab- 
scess, in which affection the elastic fibers are preserved 
longer. Even in ordinaiy caseation of the lungs the 
elastic fibers disappear, though very gradually. 

Fibrinous masses also appear in sputa under cer- 
tain conditions — even coarse fibrinous molds of the 
bronchi in croupous bronchitis, and of the bronchioles 
in acute pneumonia (Remak). The branched, dichot- 
omous masses of fibrin, which are already recogniz- 
able by the naked eye, show under the microscope 
the jfamUiar appearance of a net-work of delicate 
fibera, which swell up and disappear in acetic acid, in 
which are imbedded numerous round cells and quan- 
tities of micrococci. A brief reference has already 
been made to asthma-crystals; these are pointed 
octahedra, occurring in large numbers (within the 
plugs already described) in the sputum of asthmatics 
dui-ing an attack, while they are generally absent in 
the interval They are occasionally found also in 
non-asthmatic sputum, so that they are not pathogno- 
monic of this disease. They are perfectly analogous 
to the crystals which have been found in the semen, 
in the marrow of bones, in the blood (especially in 
leucaemia), and in various other places, and which, 
according to Schreiner, consist of the phosphate of 
an organized base. 

(d) Schizomycetes. Tubercle-lacilli. Micrococci 
of Pneumonia. — Schizomycetes appear in large num- 
bers in the sputum because of its mixture with the 
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oral fluids ; in addition to these ttere are forms that 
come from the respiratory organs themselves, as in 
putrid and diphtheritic bronchitis, in purulent catarrh 
of the bronchi and trachea, etc. AVe are, however, 
not yet in a condition to find our way amid the crowd 
of different forms ; the supposed " discoveries " of the 
fungus of whooping-cough and measles, the micro- 
cocci of diphtheria, etc., have never possessed the 
slightest significance to experts in this department. 
On the other hand, the discovery of tubercle-bacilli 
in the sputum by Koch is of the highest importance. 
For it has been established by the use of Elirlich's 
method of staining that specific bacilli are rarely 
aiisent from the sputum of phthieiccd patients, and that, 
on the otJier hamd, their presence furnishes an abso- 
lutely safe criterion of tubei-eular affections. The 
staining process, which at once shows the bacilli 
and proves their specific character, is the same 
that was previously described for tubercle-bacilli 
in sections. The dried and warmed preparation 
of sputum is stained for twenty-four hours on the 
cover-glass with a concentrated solution of gen- 
tian-violet or fuchsin in aniline- water (that is, a satu- 
rated, filtered solution of aniline) ; if the staining is 
carried on at a high temperature only a short time is 
necessary. Decoloiization is then effected by means 
of strong mineral acids, aa twenty-per-cent, hydro- 
chloric, or better, in alcohol to which three per cent, 
of nitric acid is added. All the other schxzomycetes 
of the sputum which were originally stained at the 
same time are then decolorized, as well as the masses 
of mucus, etc., but the tubercle-bacilli alone appear as 
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y-stained rods. We generally meet witli them 
in tlie sputum in a condition of active epore-formation ; 
the spores appear as bright globules which include 
the entire breadth of the bacilluB. If there are sev- 
eral spores in a single bacillus, the latter may on this 
account appear to be broken up into a row of granules. 
In order to bring out the contrast better we can sub- 
sequently, by any desired method of staining, add a 
ground color, that must naturally possess a shade 
which oSera the greatest possible contrast to the 
stained tubercle-bacilli ; I find that this double stain- 
ing is unnecessary in most cases. 

The Importance of the Discoveet op TtfBKECLB- 
BAoiLLi. /Severe amd lAght Cases of Pidvuma/ry 
Phthisis. — It is desirable to add a few observations 
concerning the diagnostic and prognostic importance 
of the discovery of tubercle-bacilli in the sputum, in 
which a shoii; excursion into the field of the gen- 
eral pathology of phthisis can not be avoided. 

Pulmonary phthisis belongs to the province of 
tuberculosis. The separation of cheesy pneumonia and 
bronchitis from the real tubercular form of phthisis, 
as insisted upon by Reinhardt and Virchow, must 
natui'ally be regarded as correct from the stand-point 
of descriptive anatomy, but the radical division of 
these processes, simply on the ground of their histo- 
logical relations, must be abandoned, especially from 
an etiological and practical point of view. More ac- 
curate histological examinations showed that caseous 
pneumonia and bronchitis possessed the same ele- 
mentary structure as so - called genuine tubercles. 
The author demonstrated this positively in the year 
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1873, in a lecture on "Local Tuberculosis" (Volk- 
mann's " SamnJung Ttlin . Vortrage *■). In every <xiee 
of phthisis, even in the forms that are aj^rently non- 
tubei'culmis, we always find the characteristic submili- 
a/ry, norir^a^cular nodules (containing giant cells'), 
which represent the chi^ type of tubercle after it has 
attained its fuU development. These facts, luther- 
to unknown, of course limited very essentially Vir- 
chow's doctrine concerning the duality of phthisis, 
which had already encountered serious ditficultie-B; 
the occurrence of a tuberculous pleurisy, for exam- 
ple, frequently observed during the course of a cheesy 
pneumonia, must thencefort;h be regarded no longer 
as the invasion of a new disease (as Virchow and 
his school taught), but as little more than the exten- 
sion to the pleura of the same patholo^cal process 
which had already taken place in the lungs. 

The simplicity and clearness of this idea as com- 
pared with the earlier doctrine are at once apparent, 
yet it was a long time before it obt^ned recognition. 
Several years later Charcot and his school, reasoning 
from the same observations, defended the *' ^m^te de 
la phthisie " in a series of works ; Rindfleisch took a 
similar position. Through the later experiments of 
Tappeiner, Cohnheim, Salomonsen, and others, which 
were founded upon Villemin's discovery of the inocu- 
labOity of tuberculosis, and especially thi-ough Koch's 
remarkable discoveries, it was proved with the great- 
est certainty that phthisis and tuberculosis depend 
upon one and the same etiological factor; at the 
same time it is not denied that, under certain con- 
ditions, other elements may play a part in them. 



150 TSE USE OF THE MICROSCOPE, 

Pulmonary phthisis is in fact to be rega/rded in the 
majority of cases as a local tuberculosis of the J/ungs. 
If, then, we jmd in the sputum that parasite which 
we know to be the cause of tuberculosis, the positive 
conclusion to he drawn from this is that a tuhercu- 
la/r process is present in tlie re^ratory tract, in- 
cluding the mucous membrane of the mouth and 
throat. 

Shall we therefore draw the further conclusion 
that the patient in question has developed general 
tuberculosis, and is in consequence beyond hope? 
No, that would be a gross error. The bacillus of tuber- 
culosis is not only found in those instances in whicli 
the disease advances more or leas rapidly, and eventu- 
ally spreads over the whole system, by extension 
to the blood and lymph-vessels, but also in cases 
which remain localized for a long time (for years, or 
even for decades) and finally may become com- 
pletely healed, as well as in cases of " local tubercu- 
losis." Man differs essentially in this respect from 
rabbits and Guinea-pigs, whicb are principally used in 
experiments ; if a tuberculous affection occurs any- 
where in these animals, in the eye for example, after 
inoculation of the anterior chamber, the tuberculosis 
seems without exception to spread throughout the 
various organs in the course of a few weeks or 
months ; as a rule the animals rapidly succumb 
to the disease. Dogs appear to act differently ; 
but as yet few facts have been presented on this sub- 
ject. On the contrary, it is perfectly certain that in 
man the affection caused by the tubercle-bacUli may 
in many cases remain for several years comparatively 
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benign and localized, or may become more or less 
completely cured ; However, as long as tlie process 
continues, the danger is always present that it may 
suddenly increase in intensity and, without our 
being able to demonstrate the causative agents, may 
extend rapidly, either in a local or general manner. 
The human organism seems to furnish in most in- 
stances only a moderately favorable field for tubercle- 
bacilli, BO that they generally multiply very sparing- 
ly; if under certain conditions, which are still but 
little known, a rapid development of the parasites 
takes place, this causes a speedy advance in the pro- 
cess. Unfortunately we are not able at present to 
control those conditions through which the increase 
of the microbe ia frequently retarded or prevented ; 
if we could attain this end, we should possess at 
once the therapeutics of tuberculosis. We should 
cherish the hope that even this lofty goal is not 
unattainable. At any rate, the paths which lead to it 
have been rendered smooth. If, too, we find tubercle- 
bacilli in the sputum, we infer from these the pres- 
ence of a tuberculous process which, by reason of ex- 
tensive, or rapid local, disturbances and the invasion 
of other organs, may be extremely dangerous ; but 
the possibility of a very slow, harmless course, and 
even of healing, is likewise present. 

By the discovery of tubercle-bacilli the diagnosis 
of a tuberculous process in the lungs is now rendered 
possible in many cases in which it was previously 
impracticable or very difficult. The bacilli occur in 
great numbers upon the walls of even the most mi- 
nute phthisical cavities, in tuberculous ulcers of the 
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bronelii, etc., and on account of their remarkably 
sharp outlines, through their capacity for isolated 
staining, they are found much more easily and 
quickly in the sputum than the elastic fibers, the 
presence of which formerly constituted the only 
proof of a destructive process in the lungs. By care- 
ful examinations of sputa, therefore, we shall rec- 
ognize as phthisis those e-xtremely numerous light 
and favorable cases which were formerly regarded 
as '■ suspicious " pulmonary catarrhs, bronchitis, etc., 
juat such cases, in fact, as cause insignificant enb- 
jective troubles. And how very frequent such 
favorable cases of "phthisis" are, we learn best 
at the post-mortem table. In nearly one-half of 
the cases of healthy, powerful adults, who have 
died as the result of accident or acute disease, there 
are found on careful Inspection traces of destruc- 
tive phthisical processes in the lungs, in the form of 
caseous masses, often incrusted with lime, and cavities 
surrounded by firm, slaty and cicatricial tissue. Many 
of these cases have been entii'ely, or almost entirely, 
latent throughout their course ; at any rate, in the 
majonty of them the suspicion of a serious pulmonary 
affection has never been arouaed; in every instance, 
however, tubercle-bacilli could at some time have 
been demonstrated in the sputum. It is well known 
to every practitioner, and has been frequently con- 
firmed by clinical and anatomical facts, that a tuber- 
culous pleuritis, or even a fatal tuberculous meningi- 
tis, may suddenly develop from phthisical centers 
which either appear to have healed perfectly, or have 
been entirely latent, and which need not be very 
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extensive. Whenever tubert^ittdBi are found m 
the sputum, the prognosis ffiven should b« a sen'ouXt 
but not necessarily a bad one, urde^ there is addition- 
al evident. It is certainly known tliat extensive 
phthiaieal processes in the lungs are arrested under 
favorable circomstances, and that every incipient 
phthisis need not go on to destruction of the organs. 
However, the diagnosis of tuberculous disease will al- 
ways have a positive influence upon the regimen of 
the patient It is highly probable that, through the 
early recognition of tuberculosis, the lives of many 
patients can be preserved, by placing them under sut-h 
climatic conditions as have been proved by experience 
to exercise a favorable influence upon incipient 
phthisis. 

Further investigations alone must teach how far 
we can decide concerning the extent of the phthisi- 
cal process from the number of bacilli that occur in 
the sputum. 

On the other hand, the absence of tubercle-bacilli 
in the ^mtum, if this is constant, is to be regarded as 
a sure sign that desti'uctive tuberculous processes are 
not present in the lungs at the time. If elastic fibers 
occur in the sputum, while at the same time the tu- 
bercle-bacilli are absent, some other degenerative 
process must be inferred, such as the formation of an 
abscess, the breaking down of a tumor, etc. It should 
also be observed that there are certain chronic ulcera- 
tive conditions of the lungs which are not of a tuber- 
culous character, and in which bacilli are n<it found; 
these cases are extremely rare. Such observations 
have been made by Riegel in diabetic lesions of the 
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It is BeH-evideQt that ooe sboald aj^roMC^ die 
exanunadon of the sjFatnm iar tnbeivle-bacilli ojHj 
when he is provided with the best aids. Id ^rors- 
ble preparariooa, however, thej" mar be recognized 
even with rather low powers ; and if they are 
nnmeroos, they may sometimes be distinguished at 
once with the naked eye through the diflference ia 
Btmning. Bat it would be entirely a mistake to at- 
tempt to search for tubercle-bacilli with any except 
the best immersion-lenses, for it is quite possible, ac- 
cording to the author's experience, that bacilli which 
are present in the specimen and were not found with 
weak systems (dry lenses, for example), were over- 
looked, and appear clearly only under corresponding- 
ly higher powers — at least sis hundred. It is never 
possible to give a negative opinion with reference to 
tubercle-bacilli without the use of strong, excellent 
immersion-lenses (preferably oil-immersions), and of 
course Abb6's apparatus. He who dreads the ex- 
pense necessary in providing these rather expensive 
aids, or who shrinks from the trouble which is re- 
quired in working with them, must renounce the idea 
of examining schlzomycetes. 

Miorococci of Pnemonia. — It is known that a pe- 
culiar structure, or capsule, can be demonstrated in 
the micrococci of acute croupous pneumonia, which 
comes out with especial clearness on staining the dry 
preparation with gentian-violet or fuchsin. The cap- 
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Bule is in this way colored less deeply than the coccus 
itael^ and nsually presents a sharp outline at its outer 
edge. It is still doubtful if this peculiar foi-mation 
can be made use of for purposes of diagnosis ; several 
observers have already obtaiuetl results in this direc- 
tion which seem to be j>oaitive. But encapsulated 
micrococci are sometimes seen in the sputum when 
no pneumonia is present, so that caution is ailvised. 
There frequently appear around micrococci colorless 
spaces, which have very little significance, whUe the 
pneumococci possess capsules that may be stained. 

3. Pna — Pus consists in general of a fluid (serum) 
in which are suspended small round cells, the pus-cor- 
puscles; it also contains micro-organisms in most 
cases. 

(a) Pm-Corpuschs and Fatty Degenerated Cdln. 
PuB-corpuscles are very similar to, or identical with, 
the white corpuscles of blood and lympli. If exam- 
ined when fresh, that is, in pus which has only been 
evacuated for a short time, they show amceboid move- 
ments, and then possess the characteristic glistening 
appearance of living protoplasm. In the majority of 
instances, however, they are already dead and their 
protoplasm has then become coagulated in the form 
of coarse granules ; the nucleus (or nuclei) is usually 
concealed. Many very fine fat-granules are seen 
scattered throughout the protoplasm, and these are 
abundant in such pus-corpuscles as have been dead 
for some time, especially in the contents of so-called 
cold abscesses. 

Pua-corpusclea are generally of nearly equal size ; 
that is, about aa large as medium-sized white bloofl- 
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ceEs. But larger cells, wbicli usually liave vesiculax^l 
nuclei, ai'e frequently mingled with them ; if numbered 
of fat-granules are collected iu tbeae, the well-known 
fat-granule cells are fonned. The latter, also, are 
occasionally alive and perform amosboid movements. _ 
They are recognized with a weak lens as rather lai^^fl 
dark masses between the ordinary pus-cells; their B 
dark outline, when viewed with low powers, induces 
the beginner not infrequently to think of pigmeutar 
tion, although it is entirely due to the many super- 
posed fat-granules. 

The light which comes from below is, by reason 
of its many transitions from the fluid into the fat- 
drops, and from the latter back to the fluid or proto- 
plasmic substance, reflected as if from the surface of 
spherical mirrors, so that it does not reach the eye of 
the beholder ; hence the impression of black. 

The same fatty cell, if illuminated fi-om above, 
appears of a clear white color, likewise in consequence 
of its numerous reflecting surfaces ; if, then, the light 
coming from the mirror is shut off, the fat-cells 
look like glistening white spheres in the dark field, 
it being assumed that the bght from above can gen- 
erally impinge upon the preparation. Strong objectp' 
ives must usually be approached so close to the 
specimen that it is completely shaded. However, 
there are also real pigment-granules, which are mostly 
inclosed in cells, often in pus, as the remains of blood- 
extravasations ; they are distinguished by theii- brown 
color. Hsematoidin-crystals are sometimes found 
also. 

Foreign substances. — Pus originates either 
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from a free surface, as a mucoua or serous membrane, 
an ulcer, etc., or from the midat of the tissue ; in 
' either case it often has mixed with it elements from 
' ita place of origin. Since the latter is frequently 
entirely unknown, and is the object of search, it ia 
evident that the foreign substances found in pus pos- 
sess at once great diagnostic value. 

The important question whether an abscess is 
I connected with bone or not is often decided by a 
careful microscopical examination ; the iiTeguIar frag- 
ments of bone which are found in pus in these cases, 
and which often possess indented surfaces of absorp- 
tion — the so-called Howship's lacunae — then furnish 
absolutely certain proofs. They are very sharply de- 
fined through the marked glistening appearance of 
their calcified basement substance, and through their 
characteristic stellate, or spindle-shaped, bone-corpus- 
cles; they may often be found with a low power. 
If necessary the preparation is cleared up with a 
solution of potash, so that the pua-cells disappear ; if 
the pus is not too thick it should be allowed to set- 
tle, and the sediment should be examined. 

In other cases we may find bits of food, where- 
upon we infer the presence of a commmiication with 
the alimentary canal ; or epithelium, tumor-elements, 
etc., are encountered, so that we are often enlightened 
to a surprising extent in this way with regard to the 
diagnosis, while the information is of direct value 
from a therapeutical stand-point. As an example : In 
the pus contained in an abscess which developed be- 
side the thyroid gland of a woman, after confinement, 
there were found large numbers of flat epidermal 
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cells and a good deal of cHolesterin ; the diagnosis of 
suppurating broneliial cyst was at once made, and the 
sac was extirpated. Suppurating ecliinococcus-cysts, 
also, are frequently recognized correctly only by a 
microscopical examination of the pus, in which either 
entire scolices, the characteristic hooks, or the strati- 
fied, homogeneous membranes are demonstrated. 

(c) Schizomycetes and Actinomycetes. — Micrococci 
are found in very large numbers in pus from acute 
abscesses,* being generally arranged in the form of 
chains, which are visible either when examined in the 
fresh state without further treatment or after they 
have been stained by the familiar processes. Micro- 
organisms do not constantly occur in chi'onic suppura- 
tions ; reference is, of course, made only to those cases 
in which the pus does not conamunicate with the 
external air, since saprophytic organisms are then 



In tuberculous abscesses (periarticular and articu- 
lar abscesses, fungous arthritis, strumous and carious 
suppuration, cheesy and purulent lymphadenitis, etc.) 
tubercle • bacilli are naturally often observed, and 
they always possess a pathognomonic significance 
under such circumstances. 

On the other hand, they are not so invariably 
present as in pulmonary phthisis. Bacilli can not be 
found in many genuine tuberculous abscesses; ac- 
cording to Schlegtendal ("Fortschr, d. Med.," 1883, 
S. 537), they are met with in only about one-half of 
the cases. 

Leas often other organisms appear in pus ; from 

rOomp. Ogaton, "Cber Absccase," " Arch. fQr clin. Cliir." Bd. S5. 
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I these are excluded those "which are purely accidental 
' and develop subsequently — for example, the miero- 
I, cocci which cause the color of " blue pus." 

The actinomycetes — which were found in man, 
first by Langenbeck, and later by J. Israel, Ponflck, 
and others, and in cattle by Bollinger * — may be re- 
cognized microscopically in pus as gelatinous, miliary 
granules; on squeezing the granules their peculiar 
structure at once becomes apparent, so that staining 
ia unnecessary. 

4. The Ueine. — In discussing the microscopical 
examination of the formed elements of the urine we 
consider first 

(«) Precipitates and Crystals. — The urinary salts, 
especially urate of sodium, which are normally held 
in solution at the temperature of the body, are pre- 
cipitated (if they are present in considerable quanti- 
ties) as soon as the urine becomes cool, in the form 
of fine, often rather irregular, gi-anules. The author 
has frequently remarked that these are regarded aa 
micrococci by novices, their quivering molecular 
movement being mistaken for vital locomotion. 

The salts o£ uric acid readily dissolve on warming 
slightly, also on the addition of acids, through the 
action of which uric acid separates in the form of 
characteristic crystals, generally prismatic in shape, 
and frequently of a brownish color. In febrile con- 
ditions, as in gout, urate of sodium is usually much 
increased ; the uric acid often separates spontaneous- 
ly in the urine a short time after it is voided, that is, 
when no acids have been added. This was formerly 

• Oomp. Ponfick, "Die Aotinomjeose," Berlin, 1883. 



160 TEE USE OF TEE MICROSCOPE. 

described incorrectly as " acid fei-mentation of the j 
urine." Tte process is simply this : The acid phoa- I 
phate of sodium, under the decomposing action of 
the urate, ia changed into basic phosphate of so- 
dium, while the uric acid is set free. A genuine 
acid fermentation of the urine, with an increase in 
ita acid reaction, occurs in diabetes (Voit and Hof- 
mann). 

Simultaneously with the appeai'ance of the uric 
acid crystals there often occurs a separation of oxa^ 
late of lime in the form of small, shining octahedra, 
which, when viewed from above, resemble envelopes. 
When the mine is abnomially rich in oxalates 
speak of " oxaluria." Oxalate of lime, as is well 
known, forms the principal component of an import- 
ant class of urinaiy calculi. In the mine after excre- 
tion from the body there occurs regularly an alkaline, 
or ammoniacal, fermentation, that is a decomposition 
of urea to form carbonate of ammonium, which change 
is effected through the agency of an amorphous fer- 
ment which was isolated by Musculua. This ferment, 
however, is itself always produced by micro-org^i- 
ismg, that is, by sehizomycetes. If these organisms, 
or their germs, get into the urine that is contained 
within the bladder (this they do principally during 
catheterization) the alkaline fermentation may take 
place at once in the bladder, especially if the urine is 
retained, as in vesical paresis. During alkaline fer- 
mentation the urine becomes very tm'bid. This tur^ 
bidity (aside from the presence of sehizomycetes) is 
due to 

Phosphate of ammonium and magnesium (triple 
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phosphates), in the well-knoivtt form of coffiu-Ud 
ciystala, which are immediately soluble in acids. 

2, Urate of ammonium, in the shape of " moming- 
6tars," or balls covered ^^ith fine projections. 

3. Phosphate of lime, an amorphous precipitate. 
In certain pathological conditions, beside the sub- 
stances already mentioned, which may be present 
in enormous quantities (" urinary gravel "), various 
other crystalline and granular precipitates are found, 
Buch as regular hexagonal tables of cystin (in cysti- 
nuria), xanthin and allied bodies, tyrosin in the shape 
of needles gathered into sheaves, and generally of a 
yellowish color (especially in acute yellow atropy), 
sulphate and carbonate of lime, etc. ; all these pre- 
cipitates can generally be very easily distinguished by 
means of simple micro-chemical reactions. Chemical 
text-books must be consulted for information upon 
this subject. 

(b) Urinary Casts* — Three principal varieties 
of casts are to be distinguished, hyaline, waxy, and 
brown. The hyaline consist of a substance which 
has a very delicate outline and is perfectly transpa- 
rent, BO that they may be easily overlooked ; they 
are sometimes rendered more apparent by reason of 
adherent fat-granulea. Their breadth frequently only 
equals the diameter of a red hlood-corpuscle, but as 
a rule it exceeds it. They are found in albuminous 
urine during the most various pathological processes, 
even in cases in which neither inflammatory, nor other 

" OsBts were discovered in the nrine by Henle, and, as a reanlt of 
eiaminationB made on the cfldaver, they were soon recognized as moldg 
of the nrinary tobuIoB. " ZeitBohr. far rat Med.," Hd. 1. 
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similar conditionB are present in the kidneys, aa in 
many febrile aSectiona, in icterus, etc. They are 
accordingly to be regarded as the attendants of every 
case of albuminuria, though mild in character. The 
waxy casts, on the other hand, when found in con- 
siderable numbers, are of positive diagnostic import- 
ance ; they should always be regarded as sure signs 
of disease of the kidneys, and may accompany con- 
gestion as well as genuine nephritis. 

Waxy or colloid casts are composed of a substance 
which presents sharp outlines and is more or lesa 
glistening, or they may be slightly clouded by de- 
posits of very fine granules in their interior; in the 
latter ease they are distinguished as a special variety, 
receiving the name " granular " casts. 

They are of quite variable width, reaching five 
one-hundredths of a millimetre and more ; their 
shape is, as a rule, perfectly cylindrical, or cruciform 
on transverse section, while they have sometimes ir- 
regular, serrated borders, especially in acute nephritis. 
They are often filled with small round cells and 
fat-drops, and sometimes also with epithelial cells; 
there are forms of casts, in fact, which consist almost 
entirely of epithelial cells that are more or le^ firmly 
coherent (epithelial casts). The old expression "fibri- 
nous " cast has properly been given up by all ; the 
substance composing these casts is esseutially different 
from fibrin, since they are neither redissolved by 
acetic acid, nor do they swell when placed in it, but 
they merely tend to lose theu" glistening character 
and dark contours, and finally their granular contents, 
through the action of the acid. They then appear aa 
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pale hyaline casts. Casts are stained a slight yellow 
color by the action of iodine, waxy casts frequently 
becoming even dai'k yellow or reddish brown. 

We shall not enter here into the controversies re- 
garding the origin of casts ; the hyaline appear to 
be a direct product of exudation, while the waxy 
may, at least in part, come from disintegrated epithe- 
lial cells. 

A peculiar form of small, brownish casts was 
found in the urine by Eiegel * during the first few 
days after the oeeuiTence of fractures ; he explains 
these, with great probability, as products of the fibrin- 
ferment which has got into the circulation. In these 
cases there are usually found also larger or smaller 
masses of fat, which collect in the form of small drops 
in the upper layers of the urine. This fat ie intro- 
duced into the circulation through the agency of the 
wound, forms emboli in the renal vessels, and is then 
gradually excreted with the urine. In renal hsem- 
orrhages and hsemorrhagic nephritis there are often 
observed brown casts, which are stained with blood 
coloring-matter, and frequently also real blood-casts. 

(c) Pus- and Mucits-ceUs. Epithdial Cells. — Lym- 
phoid cells, pus- and mucus-corpuscles often appear in 
the urine ; they may come from the kidneys or urinary 
passages, or they may originate in an abscess which 
has ruptured somewhere into the urinary ti'act. Epi- 
thelial cells also are often found, the source of which 
can not always be positively determined. In urethral 
and vesical catarrh, epithelial cells are sometimes 

• "t^er das Verhalten dea Urinsbei KnoclienbrQcIien." "Deatsch. 
Zeitachr, for Chir.," Bd, 10. 
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fonnd, within which one or more lymphoid cells are 
inclosed ; it was formerly supposed that these arose 
in an endogenous manner, but they are now regarded 
aa having been invaginated, that is, they have pene- 
trated subsequently into the interior of the epithelial 
cells (Volkmann, Steudener). Cells containing fat- 
gran\iles appear but seldom in the mine; Leyden 
found them in acute nephritis. 

((/) Tumor-elements are not difficult to recognize 
if some care be used, but this only applies to the ob- 
server who has become thoroughly acquainted with 
the epithelial elements of the kidney and uiinary 
passages. The extremely multiform epithelial cella 
of the bladder (sometimes of very large size), which 
are provided with several nuclei, have often been 
mistaken for cancer-cella. 

Diphtheritic and tuberculo-caseoua masses appear 
in the urine ; they generally come from the blad- 
der. 

(e) Entozoa occur with extreme rarity in the 
urine ; these are echinococci, as well as filaria (the 
latter have hitherto been found only in the tropics in 
cases of chyluria), also the ova of Distoma JuBmatth 
Mum. Many errors in observation have occurred in 
this field ; a certain author, for example, described 
the ova of Strongylus gigas, which he professed to 
have seen in the urine, but on closer examination it 
turaed out that he had mistaken for ova the granules 
of Semen hjcopodii, which had got into the specimen 
through want of cleanliness, 

(/) Vegetable Parmiies. — SarclnEe are found in 
the urine only in very exceptional cases. 
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In order to prove tte presence of bacteria and 
micrococci in the m-ine, it is of course necessary to 
examine a perfectly fi-esli specimen ; normal urine 
is always fi'ee fi'om such organiemg, but within a 
few hours after it has been voided they are found 
in great numbers. They are observed in tie largest 
quantities, as was first proved by Traube, in fresh- 
ly passed urine, in those cases in which alkaline de- 
composition has occxured in the bladder after cathe- 
terization, and in conse(]uence cystitis has developed. 
There are then found multitudes of triple phosphate 
ciystals, lymphoid cells, and immense swarms of rods 
and granules which stain deeply with basic anUine 
dyes, and are often rolled together in large zoogloea- 
masses. In these cases the schizomycetes, the germs 
of which have entered the bladder by means of the 
catheter, very often wauder through the ureters into 
the renal pelvis and true pai'enchyma of the kidney, 
and are then found in the interior of pyelo-nephritic 
abscesses (Klebs). In different infectious diseases, 
especially in metastatic abscesses, the organisms make 
their way from the blood into the urine, as can be 
demonstrated with certainty; as yet, however, few 
reliable clinical invratigations on this subject have 
been reported. 

Those forma of schizomycetes which furnish the 
ferment that decomposes urea, never, as far as is now 
known, pass from the blood into the renal excretion 
(probably because they do not exist in the blood), 
but are always introduced from without. On the 
other hand, they must be present in the alimentary 
canal, for the urea which has entered the intestine 
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(in cases of ursemia) is rapidly transformed into car- 
bonate of ammonium. 

The gonococci, which occur in the urine in gonor- 
rhceal cystitis, do not decompose the urea. 

I have several times demonstrated the presence 
of tubercle-bacilli in the urine in tuberculosis of the 
kidneys and urinary tract, though at first only in the 
cadaver; later they were frequently observed and 
utilized for purposes of diagnosia. The prognosis of 
tuberculous affections of the urinary organs is gener- 
ally a very unfavorable one. 

5, Secretions of tiie Gential Tbact. (a) Vagi- 
nal Sea-etion. — The secretion of the vagina is a fluid 
which contains more or less abundant large, partially 
corneous, epithelial cells, and also some round cells. 
The latter vary in dimensions from the size of white 
blood-corpuscles up to forms which are four or five 
times larger ; the larger round cells generally contain 
numbers of fat-granules. 

A great many micro-organisms appear in the vagi- 
nal secretion ; all the conditions for the rich develop- 
ment of both harmless and injurious parasites are pres- 
ent here, just as in the mouth. Among the harmless 
ones we must always include the Trichomonas vagi- 
nalis, discovered by Donn6 in the vaginal mucus, an 
infusorium provided with flagella and cilia and capsr 
ble of active motion. Mold-fungi also develop upon 
the vaginal mucous membrane, especially in pregnant 
women ; if they form in larger masses they cause 
white patches and a slight inflammation of the 
membrane. This, according to Haussmann, is the 
CHdium albicans, or thrush-fungus, through infection 
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witt wHicL the thrush of new-bom infants may be 
produced. Many of the schizomycetes that appear 
in the vaginal secretion have hitherto not been dis- 
tinguished from one another at all, or only in an im- 
perfect way. With reference to the micrococci of 
gonorrhoea, see below under o; these, too, have not 
yet been so exactly described that they can aid the 
diagnosis in doubtful cases. 

(J) Fluids from the Uterus. Vysmenorrhceal 
Membranes. Decidual RemaiThs. The Diagnosis of 
Carcinoma of the Uterus. — Beside the normal mucous 
plug of the cervix uteri, which contains only a few 
lymphoid cells, there ia found during inflammatory 
conditions a fluid secretion of the uterine mucous 
membrane, often purulent, in which, in addition to 
lymphoid cells, many cylindrical epithelia appear, 
generally without cilia. 

The menstrual discharge consists mostly of blood ; 
the lochia also contain numerous elements from the 
placental remains, especially from the deepest layer of 
decidua, which are retained in the uterus after deliv- 
ery. The epithelial cells from the lower ends of the 
glands, with their bright, almost vacuolated nuclei, 
are especially characteristic. 

If portions of the placenta have been retained we 
frequently find in the lochia smaller or larger pieces 
of it ; the structure and form of the dendritic, 
branched placental villi (chorionic vUli) are ao char- 
acteristic, that they are always recognized as such at 
once. Deposits of lime are frequently observed in 
such placental remains, so that occasionally even firm 
concretions are expelled from the uterine cavity ; a 
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histological examination of these at once fui'nishes 
clew to their origin. 

In certain forms of dysmenorrbcea, aa is well 
known, membranes are cast off, while at the same 
time the patient often has pains resembling those of 
labor. Examination of these dysmenorrhceal mem- 
branes invariably shows that they consist of actual 
pieces of the uterine mucous membrane ; even the sac- 
ciform glands and their openings upon the lining sur- 
face of the uterus can be demonstrated. Such mem- 
branes were formerly called "menstrual decidua," 
and the question was also raised whether in these 
cases there was not really an eai'ly abortion. The 
histological examination decides if this is the fact 
or not. For the minute structure of the decidua 
of pregnancy, that is of the uterine mucous mem- 
brane as changed by conception, is clearly different 
and is perfectly characteristic of the condition. The 
interglandular tissue of the mucous membrane of the 
uterus always consists, as far as is at present known, 
of small round cells as large as lymphoid cells, con- 
taining very little protoplasm, and this is the case 
under all circumstances, aa in the swollen state of 
menstruation, iu dysmenorrhceal membranes, in the 
different varieties of endometritis, in the swelling due 
to uterine myomata, etc. Pregnancy alone causes a 
characteristic change in the cells ; even at the begin- 
ning of this condition we find in the swollen mucous 
membrane the familiar lai^e decidual cells, from five 
to ten times the size of leucocytes, rich in protoplasm, 
mnd or polygonal in form, and provided with pro- 
isea. The cells of the decidua retain this size and 



1 

'I 



THE EXAMINATION OF FLUIDS. t69 

shape "antil the end of pregnancy. The decidual tis- 
sue, if the glands be excepted, resembles many forms 
of large-celled sarcoma. In extra^uterine foetation, also, 
a swelling of the uterine mucous membrane regularly 
occurg, and fragments of the same are often expelled ; 
the characteristic formation of the decidua (its large 
cells) can always be demonstrated in these cases.* 

CARcraoMA, Erosion-, or Adenoma? — In carci- 
noma of the uterus there are frequently found, sus- 
pended in the fluid which has exuded from the can- 
cerous ulcer, cellular elements, or even pretty large 
fragments and shreds, the structure of which as 
viewed through the microscope assists in establishing 
the diagnosis. In doubtful cases, however, where the 
question is whether we have to do with carcinoma 
or with a simple erosion, the examination of the se- 
cretion alone will never be sufficient; in such in- 
stances small bits are frequently excised, by the his- 
tological study of which the diagnosis should be 
confirmed. We shall introduce here a few observa- 
tions upon this subject because of its practical im- 
portance. 

The floor of an erosion consists of granulation- 
tissue, which is usually covered by several layers of 
epithelial cells; gland-hke prolongations provided 
with lumina extend from this epithehum into the 
depths of the granulation-tissue ; these may, how- 
ever, be solid epithelial columns, which subdivide 
and unite with one another to form an irregular net- 
work. 

As is at once evident, this structure closely re- 

• Wjder, •' Arch. fQr GyDikologie," Bd. 13. 
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sembles cancer, although it occurs in perfectly Bim- 
ple benign erosions. A careless observer who, with- 
out further evidence, makes the diagnosis of cancer, 
may readily occasion in this way a great deal of un- 
happiness; he will undertake mutilating and dan- 
gerous operations in cases in which a radical extirpa- 
tion is not indicated. Another element must be 
present before we are Justified in making the momen- 
tous diagnosis of cancer. The secondary epithelial 
proliferation, which extends into the granulation-tis- 
sue and is often perfectly atypical, is not limited to 
erosions of the uterus, but appears veiy often and in 
the most dissimilar localities, as in the skin, liver, 
lungs, etc. ; it may occur at any spot where granular 
tion-tissue comes into dii'ect contact with epithelial 
surfaces. The atypical epithelial outgrowth does not 
vary at all with the character of the original affection 
which haa led to the formation of the granulation- 
tissue ; the process is a perfectly benign and harmless 
one, and would be of but little interest to us fi'om 
a practical stand-point, if the structure of cancer, es- 
pecially at the beginning of its course, did not bear 
the most perfect resemblance to the innocent atypical 
growth of epithelial cells. 

Cancer has even been defined, from a histological 
point of view, as " an atypical proliferation of epithe- 
lium" (Waldeyer). This definition, however, is not 
sufficient ; we must add to it, as being necessarily the 
most important peculiarity _of cancer, the words " of a 
malignant character," "With this expression we leave 

ourely histological field, for we can not recognize 
fclj the " malignant character," either in the cell 
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or in the tissue. Nevertteless the microscopical ex- . 
amination again proves the fact of malignancy ; for 
iJie maligTianGy of the process is shown if it forces its 
destructive way throv/jh variovs tissues wiihovi hin- 
drance, while an innocent growth remains limited to 
the tissue fi'om which it originated, and either leaves 
the neighboring parts entirely intact, or merely pushes 
them aside. If we discover in the uterus, for ex- 
ample, that the process is not confined to the mucous 
membi'ane, but that it also invades the muscular 
tissue, and that the muscle is partly replaced by gran- 
ulation-tissue,* traversed by processes of atypical 
epithelium, we have before us a cleai'ly malignant 
element, and then only do we make the positive 
diagnosis of cancer. 

Fragments removed for the purpose of histological 
examination must also include at least a part of the 
muscular layer ; the diagnosis of cancer can not be 
surely established unless it has been shown that the 
muscle is affected. In this respect I am opposed to 
C. Kuge, f who proposes a very simple method of dis- 
tinguishing a cancerous ulceration from an innocent 
erosion. 

Ruge affirms that in cancer the epithelial colunma 
are solid, while in simple erosions they contain lumina, 
and this is certainly correct in many instances. But 
if he means that this difference is present without ex- 
ception, and that use can therefore be made of it for 
purposes of diagnosis, he is entirely in error ; for, on 

* The stroma in yoTiiJg canoerons growths is nsaally composed of 
grannlation- tiasne . 

"Berlin kliD. WoehenHclarift," 18T8. 
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the one hand, in many caaes of genuine malignant 
cancer the cell-columns possess most beautiful and 
regular lumina, and, on the other, solid epithelial 
plugs are very often observed in innocent erosions, as 
may be readily shown by examinations of bodies. 
The criterion proposed by Ruge must accordingly 
be regarded as entirely unreliable for the diagnosis 
of cancer. 

These maxims with regard to the decision of this 
question should be observed in the case of all the 
other organs ; as long as we find atypical epithelial 
growths in locahties in which epithelium has always 
esisted, as in the sldn, mucous membranes, in all true 
glands, etc., we must always show positive proof of 
malignancy before we make the diagnosis of cancer. 
If, however, these atypical epithelial processes occur 
elsewhere — in muscle, for example, in bone, or in the 
lymph-glands — then the eroding, or metastatic, charac- 
ter of the affection has been demonstrated at once eo 
ipse, and the diagnosis of cancer is necessarily made. 

Many authors use the term epithelioma as synony- 
mous with cancer, which, according to my opinion, is 
not to be commended. The word " epithelioma " we 
should retain aa the general designation for epithelial 
. tumors of all hinds ; we have the woi'd " cancer " for 
such of them as are malignant, while the expression 
" adenoma " is best applied only to benign growths.* 

The cause of the mahgnancy of cancer is not yet 
known. Nevertheless, as the results of thousands of 

* Epithelial elements are found in teratoid tumors, even in the midat 
of other tiaanea, without tho growths hcing considered aa malignant. 
In myomata of the at«rnB Ejsta have rarely heen discovered which were 
lined hj ciliated epithelinm. 
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observations, we can at once, and with great certainty, 
give a fatal prognoais in all cases in which it was 
necessary to make the diagnosis of cancer according 
to the principles befca-e stated ; if total extirpation 
is not performed the patient will soon die. 

To this practical rule there are only very rare ex- ' 
ceptions ; there are certain forms of superficial cancer 
of the skin (rodent ulcer) which may run an extremely 
protracted course. 

On the other hand, we can deny the presence of 
immediate danger if the testa of malignancy already 
detailed are absent ; it is, of course, not impossible for 
a cancer to develop subsequently from a growth that 
was originally innocent, but positive danger is only 
imminent when the malignant character of the pro- 
ceaa has been demonstrated. 

The diagnosis may, under certain circumstances, 
become difficult, as when an atypical epithelial growth 
is combined with a syphilitic or tuberculous ulcera- 
tion ; special caution is advisable in such cases, and it 
is better to first await the reaidt of vigorous local 
treatment, 

(c) GonoTTkceal Secretion. — Neisser* found a spe- 
cific variety of micrococcus in gonorrhceal pus, which 
is distinguished by its forming small groups, in which 
the single granules are relatively far apart ; they fi-e- 
quently lie upon the exterior and in the protoplasm 
of pus-corpuscles. The same micrococci are found in 
the secretion of specific conjunctivitis. They are 
readily stained in the usual manner with aniline dyes. 
The characteristic points about the gonococci are not 
♦ NeisMr, " Med. Oentralbl.," 1879. 
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yet sufficiently clear, so tliat we are not in a positioi 
to distiDguiBh with certainity the micrococci of gon- 
orrbcea when they are mingled with other micro- 
organisms, as in the vaginal secretions. 

(d') Semen and Prostatic Secretion. — ^The Tiighly 
characteristic, active spermatozoa ai'e found in the 
semen ; they may still be demonstrated very well, as 
a rule, in dried semen (semen-stains) by moistening 
it with salt-solution. If we find in doubtful cases 
small glistening bodies which look like the heads of 
spermatozoa, and also fine threads resembling tails, 
but no perfect spermatozoa, we must not be led into 
the error of drawing a positive conclusion from the 
fragments discovered. Similar small corpuscles, or 
threads, are easily shown in dry spots of any character 
whatsoever, and they may have every possible source ; 
the nature of the semen-stain is only positively rec- 
ognized when perfect seminal bodies, with heads and 
tails in continuo, can be demonstrated. If sperma- 
tozoa are not found in the semen, care should be taken 
to distinguish the temporary from the permanent form 
of azoospermia (sterilitas masculina) ; if several ejacu- 
lations are provoked, one soon after another, the fluid, 
according to the testimony of a number of observers, 
is finally entirely devoid of spermatozoa. The secre- 
tion of the testicles is then temporarily exhausted 
and the fluid ejaculated comes only from the seminal 
vesicles and the prostate. 

The prostatic secretion is generally mingled with 
the semen, but it is sometimes discharged independ- 
ently by pressure upon the prostate, as during defe- 
cation. It often contains, beside the laminated 
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loid corpuscles, a large number of octahedral or lan- 
cet-shaped crystals, which, like the asthma-crystak in 
bronchial secretiona, represent the phosphatic salt of 
an organic base — the so-called Schreiner's base. They 
have long been known in the semen as spermatic 
crystals ; Furbringer * has shown that they originate 
in the mixed prostatic secretion and that they are the 
source of the peculiar odor of the semen. They may 
often be demonstrated in freshly discharged seminal 
or prostatic secretion, but otherwise only after it had 
stood for some time ; they always form in large 
quantities if ammonium phosphate is added to the 
seminal or prostatic fluid. 

6. Contents of the Stomach anb Intestine. — 
The microscopical examination of vomited matters 
and of the stools has long been practiced, and in many 
cases it furnishes important diagnostic aids, 

(a) Reinains of Food are, of course, always 
found in lai^e quantities. During a meat diet striated 
muscular fibers occur regularly in the dejections 
(Frerichs) ; likewise the cellulose membranes are 
found during a vegetable diet, whUe, under the nor- 
mal conditions of digestion, starch is either not pres- 
ent in the fajces, or only in very small amount. 
Most of the starch-granules are at once perfectly ex- 
tracted in the stomach ; they then no longer stain 
blue with iodine, but take only a light-yeUow color. 
Whenever a considerable quantity of starch is found 
in the evacuations of the intestine, a pathological con- 
dition is present, generally attended with diarrhcea. 

Among the animal food-elements tendons, apo- 
* Fflrbringer, " Zeitschr. fflr kiln. Med.," Bd. 3. 
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neuroses, fragmeota of large arteriea, etc., long resist 
the digestive forces ; large quantities of sucli mate- 
rials are often found, not only in tlie dejeetions of in- 
sane, or especially gluttonous individuals, but in the 
stools of men who are quite prudent in their eatiuj 
These masses, occurring in the form of so-called " in- 
testinal concretions," not infrequently occasion seri- 
ous anxiety both to the patient and to the physician 
but on microscopical examination it is at once recog- 
nized that this is unfounded. Undigested vegetable 
matters are often voided ; Virchow has called atten- 
tion to the frequent appearance of orange-pulp in the 
stools. 

(J) £^ithelial Cells, Mucus, etc. — ^The epithelial 
and gland-cells of the alimentary canal are frequently 
met with in the contents of the stomach and intestine 
(but generally much altered), without this discovery 
possessing any particular significance. Large masses 
of mucus, which are apt to contain leucocytes, mucua- 
corpuscles, etc., denote the presence of a gastric or 
intestinal catarrh. 

Sometimes, in addition to the mucus, collections of 
fibrin appear in the stools, either in the form of mem- 
branes or of dendritic, branched processes that unite 
in the shape of a net-work. These are to be regarded 
as the products of a paeudo-membranous inflammation 
of the colon which, as is weU known, sometimes as- 
sume the appearance of a net-work. The evacuation 
of these masses, which may attain considerable dimen- 
sions, is sometimes attended with severe pains like 
those of labor. They usually contain fibrin, as well 
mucuB, and therefore only partially dissolve in 
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acetic acid ; nothing else is found in them except round 
cells, or their deh-is. 

(c) Entozoa of different kinds appear in the ali- 
mentary canal, many of them being unimportant para- 
sites, while others are highly daugeroua. The animals 
themselves, or portions of the same, are found in the 
stools, but their ova are valuable as a means of recog- 
nizing them in the dejectiona ; accurate descriptions 
and iUuatrations of these will be found in text-books 
upon pathological anatomy, also in the weU-known 
works of Leukart, Braune, and Davaine. 

In the year 1880 Perroncito made the important 
discovery that the " tunnel-disease," which decimated 
the St. Gothai-d workmen, was caused by the AnchylO' 
mum duodenale (or AnguUlula intestinalis and Pseit- 
dorhahditis stercoralis) ; the eggs of these parasites 
are found in immense numbers in the stools of the 
patients, and are perfectly characteristic. In the so- 
called " mountaineers' angemia " also, which prevails 
in the mines of Hungary, he found the same parasites. 
Perhaps a careful examination of the stoola in other 
hitherto problematical diseases will furnish new light. 

(c?) Vegetable -Parasites. — Sarcinse have long been 
recognized in the contents of the stomach, especially 
in cases of dilatation; no clinical importance is at- 
tached to them. Of the other vegetable parasites, 
micrococci, bacilli, etc., appear in the stomach only in 
small numbers, but very large masses of yeast'fungi 
are often seen. 

Yeast-fungi are likewise present in the contents of 
the intestines and in the dejections, but micrococci and 
baciUi, both large and small, are found in extremely 
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large numbers ; certain forms of rods bave been de- 
scribed by Fcrd. Cohn as Bacillus sultilis. Among 
these confused masses of micro-organisms it has thua 
far been impoaeible to distinguish any specific patho- 
genic forms, with the exception of the tubercle-bacilli 
characterized by their peculiar relation toward stain- 



There are several forms of oi^anisms in the con- 
tents of the intestine which turn blue on the addition 
of iodine ; of special interest is the Clostridium h 
cum (Prazmowsky *), large quantities of which are 
found in the lower section of the ileum and in the 
colon (but not in the upper portions of the alimentary 
canal), especiallly after a vegetable diet (Nothnagel f ). 
Their size is variable, something like that of yeast- 
fungi, though their fonn is different; they appear 
either in the shape of rods, often drawn out into sin- 
gle or double-pointed extrenaities, or of elliptical, spin- 
dle-, or lemon-shaped bodies. They are frequently 
collected together into chains or groups. They are 
stained blue with iodine, either entirely, or only at 
their centers, while their extremities (or entire per- 
iphery) take a yellowish tinge. They are probably I 
identical with the Bacillus amylohacter of Van ' 
Tieghem, and represent the ferment of the butyric- I 
acid fermentation which oecnrs in the contents of the j 
intestine. Nothnagel has also described still smaller j 
forma, which occur in the dejections and may be 1 
stained with iodine. Tubercle-bacilli are very often. I 

* Prazmowslty, " TJntersnclmngen ftber Entwickolnngsgeachiohte I 
and Formentwickelnng einiger Bacterien," Leipzig, 1880. 
/ Nothnagel, " Zeitschr. far klin. Med.," Bd. 8. 
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encountered in cases of tuberculous ulcers of the in- 
testines, in the contents of the gut, and of course in 
the faaces. Numbers of tubercle-bacilli are regularly 
present on the floors of these ulcerations ; they then 
become mingled with the intestinal contents, and may 
be used for making a diagnosis during the examina- 
tion of the fieces,* It should be remembered that 
the sputum of phthisical patients may be swallowed 
and may also give lise to a mixture of tubercle-bacilli 
with the ffeces ; in every case a tuberculous affection 
of the body is certainly established by the finding 
of these organisms. The other bacUli which appear 
in the contents of the intestine are at once decolorized 
by treatment with acids ; but certain forms of large, 
round micrococci are observed in the fteces, which, 
like tubercle-bacilli, retain their color for a long time 
when treated with acids. These bodies are regarded 
by Koch as spores which possess exceptional capaci- 
ties for staining, since it is well known that the spores 
of most bacilli with which we are acquainted do not 
stain. By reason of their globular shape they can 
certainly never give rise to diagnostic eri'oi-s. 

7. Exudations. The Contents op Cysts. — The 
microscopical examination for diagnostic purposes of 
exuded fluids, cyst-contents, and the like, is very often 
undertaken at the present time, on account of the 
great frequency with which exploratory puncture is 
resorted to. 

The technique of these examinations is as simple 
as the difficulty of estimating properly the diagnostic 
value of the discoveries is great ; it is usually neces- 

•LiohthBim end Giaconii,"Fortsclir. dor Med.," 1883, S. 8 and 160, 
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sary merely to examine the sediment according to 
the methods already described, or to stain the dried 
preparation. 

Large quantities of fat occiir not infrequently in 
exudations, and cause them to assume an opalescent 
or milky character. The fat is sometimes contained 
in the fluid, as in chyle, in the form of minute, irreg- 
ular, slightly glittering granules, intimately combined 
with albuminous bodies, so that it is not recog- 
nized as such without further tests ; it is only after 
adding acetic acid or alkalies that the albuminates are 
dissolved and the fat runs together to form large, 
shining drops. This so-called hydrops chylosua is 
never seen except when chyle is poured out into 
the abdominal or thoracic cavity, or as the result of a 
wound, or obstruction to the flow of the chyle in the 
lacteals or thoracic duct.* In other cases the fat comes 
from disintegrated fatty cells, and is at once recog- 
nized by its small, glistening granules (hydrops adir 
posv8) ; this is observed in chi'onic inflammation, as 
well as in carcinoma of the serous membranes. 

Serous effusions also occur, which only show an 
opalescent or mOky cloud, due to the presence of al- 
buminous granules. Red blood-corpuscles are found 
in variable qiiantities, and often in an altered con- 
dition, as decolorized, shrunken, etc. 

Lymphoid cells are almost never absent, only they 
are far less numerous in simple transudations than in 
inflammatory exudations. Active amceboid move- 
ments may be observed in them, but in many cases 

• Oompare Qnincke, "Ueber fettbaltlge Transsudate," "Dentsoh. 
Amh. taraiD. Ked.," Bd. 15. 



I 




TBE EXAMINATION OF FLUIDS. 181 

they dxe already dead ; tbey are frequently filled witli 
Dumeroua fat-graoules. 

Endothelial cells appear in serous effusions partly 
single, pai-tly in coherent plates, often also flUed with 
fat or transfonned into globular bodies ; they are pro- 
vided witb one or more nuclei, and sometimes contain 
vacuoles also. 

Epithelial cells, cylindrical, polygonal, or flat, are 
observed in the contents of cysts ; they often furnish 
dews to the diagnosis of the origin of cysts. Ciliated 
epithehal cells are sometimes found, especially in 
monolocular cysts. 

Tumor-elements, which ai'e mingled with exuda- 
tions, are generally quickly precipitated, and this hap- 
pens even mthin the body, ao that if punctures be 
made high up the cells may be missed entirely, while 
in the more dependent parts they are pi'esent in 
abundance. 

This applies chiefly to cancer, the cells of which 
are distinguished by their variable size, their large 
nuclei, and their polymorphous forms; vacuoles are 
also seen very frequently. However, it is not usually 
advisable to make a diagnosis of cancer from finding 
a few cells ; it is much better for the beginner to 
leave the diagnosis in doubt until the cells are found 
collected together into clusters or balls. Quincke * 
affirms that the glycogen-reaction can probably be 
employed in forming a diagnosis; this reaction often 
occurs in cancer-cells, while endothelial cells usually 
appear to be devoid of glycogen. 

* Quincke, "Ueber Ascites," 



THE USB OF THE MICROSCOPE. 



He who desires to establish such diagnoses must 
first examine thoroughly the formed elements of the 
different varieties of serous effusions as they appear 
in the cadaver, since otherwise errors are certain to 
occur. The variations of form shown by the endothe- 
lial cells and their derivatives in ordinary subacute 
or chronic inflammations of serous membranes are 
often very surprising to the novice, and may readily 
give rise to a false diagnosis of cancer, 

Schizomycetea have as yet been seldom examined 
in effusions ; possibly a more careful study of these 
will furnish other important aids to diagnosis. 

In the pleurisy and pericarditis accompanying 
acute pneumonia, quantities of pneumococci frequent- 
ly develop, which, in doubtful cases, may very mar 
terially assist in the diagnosis. By puncturing the 
lung-substance Giinther and Leyden succeeded, in 
two cases of acute pneumonia, in finding micrococci 
in the alveolar exudation of the living subject ; 
Gunther notes especially in his case the presence 
of " colorless capsules " around the pneumococci. 
Of the animal parasites, the echinococcus is of special 
importance in this connection ; the chitinous hooks 
and the stratified membranes are to be used as posi- 
tive microscopical proofs. In inspecting the sediment 
carefully we frequently find, even on macroscopic ex- 
amination, the separate or grouped scolices, appearing 
as white specks. 
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THE EXAMINATION OF SOLID ELEMENTS OF THE 
BODY, EXTIRPATED TUMORS, ETC. 

The microscopical examination of solid elements 
of the body, tumora, and the like, is effected accord- 
ing to the methods before described. The isolated 
elements are obtained either by examining the fluid, 
by scraping the cut surface, or by teasing, after pre- 
vious maceration. For this purpose ahoays make, 
with a perfectly clean hnife, a freshly cat surface; 
otherwise you run the risk of being constantly em- 
barrassed by numbers of accidental impurities that 
have collected on the surface. 

Sections are also prepared fi'om the fresh speci- 
men by means of the cuived scissors, razor, double 
knife, or freezing-microtome, and ai'e examined at 
once in salt-solution ; Bismarck-brown and solution of 
iodine are mostly used for staining fresh sections. 

Specimens should always be examined first in a 
fresh condition, since this ofEere many advantages. 
Substances then show their natural transparency, and 
in this way we are best able to compare the histo- 
logical structures which we have found with the dif- 
ferences observed macroscopically. If there is any 
fatty degeneration present it is only seen in its fuU 
extent in the fresh preparation. 
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The freezing-microtome should be used in all 
cases in which it is desirable to prepare for demon- 
stration neat specimens that are suitable for stain- 
ing. It is generally possible in this way to obtain in 
a very short time entirely satisfactory, perfect sectiona 
which can be esamined directly in salt-solution ; the 
nuclei are then stained very beautifully with Bis- 
marck-brown, the specimen ia transferred from Bis- 
marck-brown to alcohol for a short time, and is then 
mounted in glycerin, or it is' placed first in oil of 
cloves, and afterwards in Canada balsam. In this 
way, where haste is necessary, specimens affording a 
perfect view of the structure may be prepared within 
a few minutes, from organs freshly removed from the 
cadaver, as well as from extirpated portions of the 
living body, or even during an operation ; this, under 
some circumstances, is a very important advantage. 

In many instances, however, we are not successful 
in the examination of the fresh preparation ; large 
and very delicate sections of fresh organs are apt to 
curl up, and are so extremely soft and easdy destroyed 
that sometimes, in spite of the greatest care and much 
loss of time, it is not possible to transfer them intact 
to the slide and to spread them out well. Then the 
true value of hardening appears. Hardening (aside 
from special cases) is always effected by means of 
alcohol ; only, in the case of the nervous system and 
the eye, it is sometimes necessary to give up this 
hartlening fluid, the effects of which are simple and 
easily controlled, and to make use of chi'onlic acid 
and its salts (Miiller's fluid). 

-Hardening in alcohol is best accomplished by 
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placing small pieces of the substance in large quanti- 
ties of absolute alcohol ; in this way the concentrated 
spirit penetrates rapidly into the iuterior of the pieces, 
and, by immediately coagulating the albumins, effects 
a speedy fixation of the tissue-elements (compare 
page 24). 

The hardened specimens are then always cut with 
the microtome (compare page 13) ; a large number of 
successive sections ai-e thus obtained rapidly, which 
can be treated in any desired manner. Always 
examine first in simple water and glycerin, aud after 
that study the effect of reagents and staining. In 
many cases a single brief examination is sufficient, 
since we are frequently required only to classify, 
or to name, a given condition ; in this case it is suffi- 
cient to examine one preparation unstained, and an- 
other in which tlie nuclei have received any desired 
color. In other instances, however, we meet with 
unsuspected, often surprisingly new, structures and 
combinations; it is then advisable to store away a 
great many sections, preserving them in alcohoL 
New views, or new questions, often come up after the 
lapse of some time, which can be answered by some 
peculiar method of treatment such as had not pre- 
viously been thought of. 

As regai'ds the method of procedure in isolated 
cases, and the value of the observations for diagnostic 
and pathological purposes, we should exceed the 
bounds of our little book if we undertook to treat 
this subject specially. This requires, besides clini- 
cal knowledge, an accurate training in pathological 
,nd histology, and great circums'' " '"". 
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which can only be acquired through a thoroi^h ex- J 
perience with the subject. It may he laid chwn * 
as a fundamental principle that a discovery should 
never be regarded as pathological in its character 
imless the (pecimen has in every case been directly , 
compared with the normal organ, whi(h 
smiilarly treated. The disregard of this maxim, ' 
which really Bounds as if it were self-evident, has 
already introduced into science many gross errors, 
and leads practically to the most serious miscon- 
ceptions. Many new facts in normal histology 
have been discovered in the course of pathological 
examinations ; the endeavor was made to prove that 
the new objects, which were first represented to be 
pathological, were the cause or products of a certain 
disease, until it was ascertained later that these were j 
perfectly normal Btructurea that had been previously 1 
overlooked. This was the case, for instance, with the 
cells filled with fat-granules, which ai'e found in the 
central nervous system of old fetuses and new-bom 
infants ; these cells were first regarded as evidences ' 
of encephalitis, until it was afterward proved by 1 
Jastrowitz and Flechsig that they are necessaiy J 
transitional forms in the normal development of the I 
white substance. 

In pathological discoveries we are very often con- 
cerned with qua/ntiiative deviations from the normal ; 
for example, with the proliferation of nuclei, clouding 
of the protoplasm (although this shows a certain i 
amount of clouding even when normal), atrophy, and I 
diminution in the size of cells. It is evident th&t in 
order to establish such gradual differences, a direct 
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comparison with the normal organ, which has been 
treated in precisely the same way, is positively neces- 
sary. Furthermore, objects are frequently found 
which are not exactly normal and yet which posaeaa 
scarcely any pathological value — subnormal conditions. 
To this class belong especially the numerous senile 
degenerative changes, which are almost insignificant 
as long as they are not present in excess. They 
should always be observed, without, however, too 
great importance being assigned to them. 

The extent of the abnormal process sometimes has 
a very important influence upon the decision as to its 
pathological and clinical importance. The beginner 
is frequently inclined to estimate too highly the sig- 
nificance of his discoveries, and to regard as a very 
extensive change one that covers the entire field of 
view of the microscope. Only repeated examinations 
can guard the novice from drawing erroneous con- 
clusions in this respect ; we gradually learn to judge 
correctly concerning the extent to which a process 
has spread over an organ by examining different por- 
tions of the organ, and especially by a systematic use of 
low powers. I^ for instance, several shrunken glom- 
eruli are discovered in a kidney, do not decide at 
once, without further evidence, that the glomeruli are 
all shrunken, but first determine what per cent of the 
glomeruli are altered, and how many still remain nor- 
mal, and whether the affection is a difEuse one, evenly 
distributed throughout the entire organ, or is localized ; 
or whether the foci are more or less numerous and the 
intervening parts have remained quite normal, or also 
appear to be somewhat changed. If only a small por- 
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tion of the organ has undergone change, the proceaa, 
although qnite mtense at the Bingle spot in question, 
may be of very trifling clinical significance ; it should 
be remembered that even the sudden extirpation of 
an entire kidney from an otherwise healthy organism 
is tolerated without any marked disturbance. 

On the other hand a change that is really much 
less striking may, if it is diffused over the entire 
organ, be attended by very injurious consequences to 
its functions, and consequently to the whole body. 
This is the case, for example, in glomerulo-nephritis, 
a disease which ia characterized by the proliferation 
of nuclei in the loops of the glomeruli, and by con- 
sequent imperviousnesa of the same ; in this way the 
flow of blood through the kidneys is greatly im- 
paired or is even reduced to a minimum. The inex- 
perienced observer may very easily overlook this 
important change completely, while the erpert will 
have his attention at once directed to it through 
the contrast which the empty, and therefore large, 
glomeruli offer to the capillaries of the cortex and 
medulla when the latter are filled with blood. 

As regards the origin of certain processes, we 
should always bear in mind the difficulties and com- 
plications that are present; we observe only that 
which has occurred, not that which is still in progress, 
and, without further evidence, a direct inference should 
not be drawn from the former concerning the latter. 

Since the discovery of the power of locomotion 
of cells, the emigration of white blood-corpuscles, etc, 
observers have been accustomed to be as reserved as 
■spect, BO much the more as a direct. 
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practical interest does not usually attach to these 
questions. Some twenty years ago it was believed 
that we were much farther advanced in this matter 
than we are to-day ; then even the beginner was al- 
ways enjoined when studying tumors to first deter- 
mine their " genesis." The purpose of this direction 
(which was really quite impracticable) was that the 
transitions of diseased into normal tissue should be 
studied, and even now examinations directed to this 
end are often advisable. Only do not imagine that 
just as soon as transitional forms have been deter- 
mined the entire history of development has been 
discovered ; in this way the most serious errors have 
been made. 
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Abbe's apparatus, 2. 

Aberration of light, 5. 

Abscess, examination of pus from, 
156. 
tubercle-bacilli in, 158. 

Absolute alcohol, 24, 184. 

Accessory apparatus, 8. 

Acetate of potassium, 40. 

Acetic acid, 18, 30. 

Acid, acetic, 30. 
chromic, 84 

nitric, as a decolorizer, 88. 
osmic, 89. 

Acids, use of mineral, in decalcifica- 
tion, 28. 

Actinomycetes, 158. 

Albumin, coagulation of, by boiling, 
93. 

Albuminates, coagulation of, by alco- 
hol, 25. 

Alcohol, effect of, on specimens, 24. 

Alkalies, 36. 

Alum-carmine, 56. 

Alum-cochineal solution, 57. 

Amoeboid movements, 116. 

Ammonia-carmine, 51. 

Ammonium sulphide, 91. 

^.myloid substance, ^, 

Anaemia, blood-corpuscles in, 128. 
mountaineers', 177. 

Anchylomum duodentUe, 5. 

Angle of divergence, 177. 

AnguiUula intesHnaZia, 177. 

Anume-black, 62. 
-blue, 62. 
-dyes, 67. 

Anthrax, bacillus of, 132. 

Aqueous humor, 24 

Arg[and burner, 8. 

Artificial digestion, 94 



Artificial gastric juice, 95. 

products, 19. 

serum, 24. 
Asthma-crystals, 136. 
Axis-cylinaers of nerves, staining of, 
52. 

Bacilli, identification of, 68. 

of anthrax, 132. 

intestinal, 178. 

of leprosy, 75. 

of recurrent fever, 132. 

of typhus, 69, 74 
BaciUi of tubercle, 132, 147, 166, 179. 

importance of, 151, 153. 

identification when unstained, 69. 

staining of, 78. 
Bacteria, in urine, 165. 
Base, Schreiner's, 175. 
Basic aniline dyes, 62. 
Berlin-blue, 100, 101. 
Bismarck-brown, 64, 77. 
Blood, examination of, 126, 131. 

cellular elements in, 126. 

red corpuscles of, 128. 

white corpuscles of, 129. 
change in protoplasm of, 130. 

crystals of, 135, 136. 

parasites in, 131. 
anthrax-bacilU in, 132. 
spirilli in, 132, 133. 
Blood-plates of Bizzozero, 127. 
Blood-stains, examination of, 134 
Boiling of specimens, 93. 
Borax-carmme, 56. 
Buhl, theory of phthisis, 144 

Canada balsam, 40. 
Capillaries, micrococci in, 70. 
Carcinoma, cell-columns in, 171. 
diagnosis of, 170. 



Carcinoma of uterus, 169. 
Carmine, 51. 53. 
aluiu-c, 56. 

borox-c, 56. 

fluid-injection of, 102. 

UUiium-c., 57. 
Cannine-cemont, 102. 
Casts, 101. 

after fracturos, 163. 

epithelial, 103. 

gTauuliLr, 163. 

hyaline, IGl. 

wasy, 103. 
Catarrh, oral, cells in, 138. 
Cedar, oil of, 0, 
Oelloidin, 99. 
Cells, amceboid movements of, 116. 

decidual, 168. 

of endometrium, 168. 

endothelial, in blood, 131. 
Cells, epithelial, in carciaoma, ITO. 

in oral fluids, 138. 

in Bputo, 141. 

in stools, 176. 

in urine, 163. 
Cells, fatty degenerated in pus, 153. 

food-cells, 68. 
Cells, mucus-, in stools, 176. 

in urine, 163. 
Chloride of gold, 87. 
Chloroform, 27, 
Cholest^^rin, 51. 
Chromic acid, 34. 
Chyle, in exudations, 180. 
Circulaliun, observation of, 109. 

in the frog's web, 110. 

in the tongue, 110. 

in the mesentery, 111. 
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Clearing action of glycerin, 88. 

of Canada balsam, 40. 
Clostridium hutyricum, 178. 
Cloy as, oil of, 41, 
Coogiilat ion-necrosis, 6ii. 
Cobalt-flasks for reagents, 18. 
Cobbler's globe, 9. 
Cochineal -alum solution, 57. 
Concretions, intestinal, l76. 

in tonsils, 140. 
Condenser, AbWa, 3. 
Connective tissue, action of acetic 
iciH n,. 33. 
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Corpuscles, salivary, 139. 

of syphilis, 127, 
Correction-mountings, Q. 
Cover-Elasses, 9. 
CiTstals, asthma-. 136. 

ntematoidin-, 136. 

hcemin-, 135. 

hifmoglobin-, 136. 

epermatic, 1T5. 
Cui^hman's method of stai 

amyloid, 68. 
Cylinder-diaphragin, 2. 
Cysts, contents o^ 179. 

Decalcification, 28. 
Degeneration, amyloid, 49, 50. 

fatty, 35. 

senile, 187. 
Dehydration, with alcohol, 28. 
Deposits of lime, 86. 

urinary, 159. 
Detritus, significance of, in cspiU** 
-^ -s, 70. 



185. 
Diaphragm, cylindrical, 3, 
Digestion, artificial, 94 
Distilled water, S3. 
Diatoma luemalofiivm, 182. 
Double knife, 11. 
Drawing, apparatus for, 7. 
Dried preparations, Koch's method 

of staining. 121. 
Drying of specimens, 94. 
Dyeing, technique of, 43. 
Dyes, aniline, 62, 66, 

Dysmenorrhcea, pseudomembranoua, 



Echinooocci, in exudations, 183, 
Eeg-olbuniin in artilicial senun, 34 
Election of dj[es, 43. 
Elements in tissue-fluids, 116. 
Eosin, 131. 

Eosinophil granules, 131. 
Epithelium. See Cells, epithelial. 
Epithelioma, true appheation of 

tenn, 173. * 

Erlitzki's hardening fluid, 85. 
Erosion of cervix, distinguishetl' 

from cancer, 169. 
Errors in pathological histology, 

186. 
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Extract of pancreas, 95. 
Exudations, 177. 
Eye-pieces, 7. 

Fat, in exudations, 180. 

in pus-corpuscles, 155. 

removal of, 28. 

in urine after fractures, 163. 
Fever, recurrent, spirilli in, 132. 

typhus, bacilli of, 74. 
Fibers, elastic, in sputa, 145. 
Fibrinous casts, 16». 
Filaria sanguinis^ 132. 
Fluid, decalcifying, 29. 

examination of, 113. 

indifferent, 23, 24. 

Mailer's, 34 . 

suspended elements m, 114. 

tissue-, 117. 
Formic acid, 33. 
Food-cellsi 06. ,, . ^ ^ 

Forms of cells, difficulty m determm- 

ing, 116. . ^ . 

Freezmg specmiens, 14. 



Gangrene, sputum in, 145. 

Gastric juice, artificial, 95. 

Genital tract, secretions of, 166. 

Glass apparatus, 9. 

Globe, cobbler's, 9. 

Glycerin, 38, 40. 

Glycogen, 47, 181. 

Gold, chloride of, 87. 

Gonococcus, 173. 
Gonorrhoea, secretions of, 173. 

Gram's method of stainmg schuo- 

mycetes, 75. 

Granules, eosinophil, 131. 

Gum-arabic, 108. 

H©matoblasts, 127. 

Hsematoidin, 136. 

Haematoxylin, 58. 

Hsemin, 135. 

H»moglobin, 136. . . ^ ^a 

Hardening in absolute alcohol, A% 

184. 

in chromic acid, 34 

in gold chloride, 88. 

in osmic acid, 89. 

in picric acid, 33. 
Hyalme casts, 161. 
Hydrochloric acid, 28. 
Hydrops adiposua^ 180. 

ehyu>sus, 180. 

Identification of schizomycetes, 68. 
of tubercle-bacilli, 85. 



Illuminating-lamp, 8. 
Imbedding, 97. 

material used for, 98. 
Immersion-lenses, 5, 6. 
Indifferent fluid, 24 
Inflammation, microscopical obser- 
vation of, 109. 
Injecting, 100. 

apparatus for, 103. 

material used for, 100. 
Instruments, metallic, 10. 
Intestinal concretions, 176. 
Intestine, parasites in, 177. 
Iodine, 4(5, 

as a test for amyloid, 49. 

Juice, artificial gastric, 95. 

Leprosy, bacilli of, 75. 
Leucocytes, increased number m 
blood, 129. 

granular protoplasm of, 130. 

in exudations, 180. 

movements of, in fiuids, 116. 

in sputa, 141. 
Leucocytosis, appearance of blood m, 

130. , ^ 

Light, for microscopic work, 8. 
Lime, oxalate of, in urine, 160. 

phosphate of, 161. 
Liquor potassae, 36. 

sodse, 36. 
Lithium-carmine, 57. 
Living tissues, observation of, 109. 
Lugol's solution, 46. 



Melansemia, blood in, 131. 
Mesentery, circulation in, IIL 
Metallic mstruments, 10. 
Metals, noble, 86. 
Menstrual fluid, 167. 
Micro-chemical exammations, 21. 
Micro-chemistry, 18. 
Micrococci, in blood, 133. 

in blood-vessels, 70. 

in chains, 70. 

in gonorrhceal secretion, 17o. 

identification of, 69. 

of pneumonia, 154 

in pus, 158. 

in sputa, 139. 

in urine, 165. , 

Micro-organisms, exammation oi, 

118. 
identification of, 68. 
Microtome, 11, 16, 185. 
Mouth, fiuids of, 137. 
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Salt-solution. 38. 




Mucous membrane o( intestine, cella 


SarciwB venlrieuli, 177. 




of, 178. 


Sehizomrcetes in blood, 131. 
in oral fluids, 146. 




ot mouth, 138. 




of respiratory tract, I4L 


in pus, 15& 




of uteruB, 107. 


staining of, 68. 




MllOer's fluid, 84 


inurint,165. 
Schreiner's base, 175. 




Nitric acid, 28, 83. 


Sections, mounting of, 17. 




Noble metals. SS. 


preservation of, 106. 




Nuclei, Etaining of, G3, 


staining of, 43. 
thick and thin, 14. 




Objectives, 4. 

Oiiivm albican, 139, 168. 


Semen, 174. 




Serum, artificial, 9. 




Oil-immeraion lenses, 6. 


Silver, 86. 




Oa of doves, 40. 


Specimens, alcoholic, 23. 




of turpentine, 103. 


boUing of, 03. 




Osmic acid. 89. 


preservation of, 106. 




Oxalate o[ Hrae in urine, lOO. 


Spermatic crystals, 175. 




Oxaluria, 160. 


Spermatozoa, 174. 

SpiriUi in recurrent fever, 133. 

Spirochmta Ohermeyeri, 133. 




Pancreas, extract of, 05, 






Splenic fever, bacilli of, 74. 




tract, 177. 


Sputa, examination of, 136. 


1 




Staining, double, 61. 




Phosphates in nrine. 160. 
Phthfgis, diabetic, 153. 


dried preparations, 121. 
Gram's method, 73. 




tuberculous, 150. 


of micrococci, 71. 






of nuclei, 63. 




prognosis of, 153. 


principles of. 42. 




Picric acid, 83. 


reagents used in, 48. 




Picro-carmine, 64. 


of luberele bacilli, 79. 






Stand, microscopic, 2. 




Pigment in lungs, 142. 


Stomach, contents of, 173. 




Placenta, fragments of, 167. 


Sulphide of ammonium, 91. 




PneumoGocci, 154. 


Sulphuric acid, 38. 




Potassium, acetate of, 31. 






Pregnancy, uterine mucous mem- 
brane in, 168. 
Preparations, dried, staining of, 131. 
Preservation of specimens, lOS. 
Products, artifieia!, 19. 
Prostatic secretion, 174. 

Pulmonary phthisis, 148. 
Pus, actinomyeetes in, 158. 


Teichmann's test, 136. 
Tissue-fluid. 117. 

Tissues, living, ohsorvation of, 100. 
Tongue, circulation in, 110. 

Tuberele, bacillus of, 78, 147, 153, 

158, 166, 178. 
Tumor-elements, in exudations, 181. 
in ui-ine, 164. 

Typhus, bacillus of, 74, 147. 




corpuscles of, 154 
esaminatioQ of, 155. 
foreign substances in, 168. 




fragments of bone in, 157. 






BChizomycetes in, 158. 


Urates, 159. 
Uric acid. 159. 




Razor, use of, 10. 


Urine, casfi in, 161, 




Reagents, 18. 


cells in, 103. 




for staining, 43. 


examination of, 1B9. 






parasites in, 164. 


1 


fat, 27. 


tumor-cells in, 164. 
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Uterns, cancer of, 170. 
erosion of, 169. 
fluids from, 167. 



Vagina, secretion of, 166. 
Vegetable parasites, 177. 
ViUd properties of cells, 114. 



Water, abstraction of, 26. 

distilled, 22. 
Web of frog, circulation in, 110. 
Weigert's method of staining, 59. 
White corpuscles of blood, 129. 



Yeast-fungi, 177. 



THE END. 
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Medicine, Inelndlng PriDclplea 



STSINER (JOHANNES). 
Sa.K; Bbecp, KaO. 
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A DICTIONARY OF MEDICINE, including Gen- 

enl Pathology, General Therapeutics, Hygiene, and the Diseases pe- 
euliar to Women and Children. By Various Writera. 

Edited by RICHABD QUAIN, M. D., F. R. S., 

f eDoff of the Boyal College of Physicians; Member of the Senate of the Uni- 
Tersity of Londcm; Monber of the General Council of Medical Education and 
Begiatratioii ; C<m8ulting Physician to the Hospital for Consumption and Dis- 
eases of the Chest at Brompton, etc 

In one large 8vo volume of 1,884 pages, and 138 niustrations. Half 
moroooo, $8.00. Sold only by subscription. 

This work is primarily a Dictionaiy of Medicine, in which the several 
diseases are fiilly discussed in alphabetical order. The description of each 
includes an account of its etiology and anatomical characters ; its symptoms, 
course, duration, and termination ; its diagnosis, prognosis, and, lastly, its 
treatment. General Pathology comprehends articles on the origin, charao 
ters, and nature of disease. 

General Therapeutics includes articles on the several classes of remedies, 
their modes of action, and on the methods of their use. The articles de~ 
voted to the subject of Hy^ene treat of the causes and prevention of disease, 
of the agencies and laws affecting public health, of the means of preserving 
the health of the individual, of the construction and management of hos- 
pitals, and of the nuraing of the sick. 

Lastiy, the diseases peculiar to women and chUdron are discussed under 
thdr respective headings, both in aggregate and in detail. 

Among the leading contributors, whose names at once strike the reader 
as affording a guarantee of the value of their contributions are the following : 

Allbjjtt^T, Clifpord, M. A., M. D. Greenfield^W. S., M. D. 

Basnbs, Kobert, M. D. Jenkeb, Sir W illiah , Bart. , K 0. B. , 
Bastiak, H. Charlton, M. A., M. D. M. D. 

Bnrz, Carl, M. D. Leoo, J. Wickhaic, M. D. 

Bbistowk. J. Stxr, M. D. Niohtinoale, Florence. 

BROWN-SBQnARD,C.£.,M.D.,LL.D. Paget, Sir James, Bart. 

Brukton, T. Lauder, M. D., D. Sc. Parkes, Edmund A., M. D. 

Fayrer, Sir Joseph, K. C. S. I., Pavy, F. W„ M. D. 

M. D., LL. D. Playpair, W . S., M. D. 

Fox, Tilbury, M. D. Simon, John, C. B., D. C. L. 

Galton, Captain Douglas, B. £. (re- Thompson, Sir Henry. 

tired). Waters, A. T. H., M. D. 

Gowers, W. B., M. D. Wells, T. Spencer. 

**Not only is the work a Dictionary of a nutshell the accumulated experience of 

Medicine in its Aillest sense ; bat it is so the leading medical men of the day. As a 

encyclopediG in its scope that it may he volume for ready reference and careful 

considered a condensed review of the en- study, it will he found of iramenso yalue 

tire field of practical medicine. Each sab- to the general practitioner and student.^^— ' 

ject is marked up to date and contains in Medical Becord, 

New York: D. APPLETON & CO., 1, 8, & 5 Bond Street. 



New York Medical Journal, 

A WEEKLY REVIEW OF MEDICINE. 

Edited by FSANK P. FOSTEK, M,D. 

THE LEADING JOURNAL OF AMERICA. 



Conlalning twenty-eight double-columned pages of reBding-matter, 
oonsisling of Lectnres, Original Communications, Clinical Re- 
ports, Correspondence, Book Notices, Leading Articles, Minor 
Paragraphs, News Items, Letters to the Editor, Proceedings 
of Societies, Reports on the Progress of Medicine, and Mis- 
cellany. 

By teoson of tho condensed form in nMeli the matter ia arritnged, 
the JocBHiL contains more roading-mattcr than aaj other of ila clasa in 
the United Slates. Ita pages contain aa average of 1,300 words ; each 
volume has at least 718 pages, giving an aggregate of 672,400 norda, or 
more than double the amomit of reading-matter contained in a $B.O0 
octavo volume of 800 pages, aTeraging 000 vrords to the page. It ia also 
more freely illuHtrateil, and ita illuatrationa are goQepallj better eiecuted, 
than U the case with other weekly joumala. 

The articles contributed to the Jodwal arc of a high order of ci- 
cellence, for aothors know that through its columna they address the 
heltcr part of the profession ; a conaideration which baa not eacaped the 
notice of advertiBare, aa ahown by its increasing advertising patronage. 



The Tolumes begin with January and July of each year. 
scriptions can be arranged to begin with the volume. 

TERMS, PAYABLE IN ADVANCE. 



The Popular Science Monthly and The New York Medical 
Journal to the same address, $9.00 per Annum (full price, 
$10.00). 




THE 

POPULAR SCIENGE MONTHLY. 



CONDUCTED BY E. L AND W. J. YOU MANS, 



The Popular Sciknck Monthlt wiU continue, as heretofore, to sup- 
ply its readers with the results of the latest investigation and the most 
valuable thought in the various departments of scientific inquiry. 

Leaving the dry and technical details of science, which are of chief 
concern to specialists, to the journals devoted to them, the Monthlt 
deals with those more general and practical subjects which are of the 
greatest interest and importance to the public at large. In this work 
it has achieved a foremost position, and is now the acknowledged organ 
of progressive sdentific ideas in this country. 

The wide range of its discussions includes, among other topics : 

The beariug of science upon education ; 

Questions relating to the prevention of disease and the improvement 
of sanitary conditions ; 

Subjects of domestic and social economy, including the introduction 
of better ways of living, and improved applications in the arts of every 
kind; 

The phenomena and laws of the larger social organizations, with the 
new standard of ethics, based on scientific principles ; 

The subjects of personal and household hygiene, medidne, and archi- 
tecture, as exemplified in the adaptation of public buildings and private 
houses to the wants of those who use them ; 

Agriculture and the improvement of food-products ; 

The study of man, with what appears from time to time in the depart- 
ments of anthropology and archaeology that may throw light upon the 
development of the race from its primitive conditions. 

Whatever of real advance is made in chemistry, geography, astron- 
omy, physiology, psychology, botany, zoology, paleontology, geology, or 
such other department as may have been the field of research, is recorded 
monthly. 

Special attention is also called to the biographies, with portraits, of 
representative scientific men, in which are recorded their most marked 
achievements in science, and the general bearing of their work indicated 
and its value estimated. 



Terms: $6.00 per annum, in advance. 

The New Tork Medical Journal and The Popular Science 
Monthly to the same address, $9.00 per anmim (full price, 
$10.00). 

New York: D. APPLETON & CO., 1, 3, & 6 Bond Street 



A Uand-Book of the Diseasea of ilic Eyet and tlielr Treat- 
ment. Bj Henrt E. SwAMisr, A. M., M. B., F. R. C. a I., Sui^eon 
to tbe Naliono! Eyn and Ear Itifirmary ; OphtbsliDic Sui^coa to tha 
Adelaide Hospital, Dublin. Crown Sso, 437 pages. With 122 Ulua- 
traliona, and Hotrngren's Tosts for Color-Blindness. (3.00. 

"ThBabDielBafaBnd7inBnni>l,lTitendDd EpecislljrorBlndontiiilKitit to under- 
take the iludj of tbe sje. nnd It hoa been arnnigefl ipetlnUy wltb Uis Tiow of 
being ueeral to tbem ia canjin^ oat Bncb BtDdle» BystemsIiCLllT. Subject! wblvb 
to beginnflTB are /onnd particalBriy embarrasBing or difflcnlt are tbne ptTou 
pramlueace, and receive otcelal aueatloo. It cuntalna the eeif^tlBts vitbuut 
rednaduit matter, and aeemB admirably Bailed to liio end in jien."— Canada 
UttOeal ana Surgical JbumaL 

"Tbis hand-book la iatendod for BlndontB in oahthBlmalaey, and U amnni; 
IhflbeatlathlalpKlallytbatwe liave peroBid. Tbe author le a clear writer 
■Dd practical opnihRlinaloglst, and jriies here >ery practical liigtractUin In tbia 
liBDortaiit dflparUnont of medical sfieDee.-'—MJa/a JUe/iical ami BuTgical Jour- 

Eleroeots of Practical Slediciac. Bj Aijbed II. Cakteh, M. D., 

Member of tbe Itajal Colloge of PbjEiciaas, London; PbyHiciaa to 

tlie Queen's Hospital, Birmiughiini, etc Tiiird edition, reiised and 

enlarged. 1 vol., I2mo, cloth, {3.00. 

" Allhoagb (hiB work does col proTesB to be a complete treatlfle on tbe practice 

(be more erhanatlve BCpiiy embodted In tbe hirger leil-bookg. No twlth stand Inji 
tbs condDOBcd make-up of the book, it la qaitc comprehenBlve. iacludlog eren 

we ma; add that It la very readable."— A«c i'oTi Medical Journal. 

OstGotomr and Osteoclasis, for the Correction of Deformi- 
ties of the Lower Limba. By CnAiiLiiS T. PooitE, til. D., Bur- 
geon to Si. Mary'B Free Hospital for Children, New York. I vol., 
8vo, IST pages, 50 Illustrations, clotli, £2,60. 
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..__.., iratlon of a most aiplrable and a 

work."— Bmfaio MidlctU and Surgical Journal. 

"TblB U an iDtereBlini; and practical miiHOgraDh. in wblcb Ibe author baa 
admirably succeeded in laying before ibomedicsTpnbilc the operative procedorcB 
Denslly resorted to for tbe correctlnn of oBBenna defonnltteB of tbe lower 
extremttles. The author's stylo ia cluir and forcible, the illastnitlnae are well 
execnted and to the pointy and tbe typographical part ta cre'litahie to the pab- 
llihera. The work will be a useful addlflgn to tbe aaraeon'a library."— Si, Louit 
iledlcat and Surgical Journal. 
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RECENT PUBLICATIONS. 



Practical Manaal of Diseases of Women aud Uterine 
TherapenticB. For Stui!<.'ntB and PrucQli oners. Bj U. Mac- 
NitrcHTON Jokes, M. D., F, H. 0. S, I. and K.EiHminerEn Obatctrica, 
Royal University of Ireland; Fellow of tbe Academy of Medicine in 
Ireland: and of tbe Obslvtrical Society of London, etc 1 toI., 
12mD, 410 pages, with 18S lUuatrations, clotb, fSM. 
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Atlas of Female Pelvic Anatomr* By D. Beobt IIirt, 
M. D., F, R. I.'. P. E., Lecturer on Midwifery and Diseases of Women, 
School of Medicine, FJinburgh, etc. With Preface by Alexasdeb 
J. C, Seine, M. D., Professor of the Uedieat and Snrgieal Diseases 
of Women, Long Island College Hofpilal, Brooklyn, etc Large 4Io, 
'T Plates nitb IfiO Figures, aud 69 pages descriptire text. Cloth, 
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■ome, occupy the pnilllon of a sUnilard work of reference on 
Qlatgimi Medical Journal. 



Tbe Carnbility and Treatment of Palmaaarr PhtMsis. By 

8. JiCCOOD, Professor of Medical Patholo(;y to tlie Faculty of Paris; 
Member of the Academy of Medicine ; Pbyeidati to the Lariboiiii6re 
Hospital, Paris, etc Translated and edited by Montaoc Litobock, 
M. D. (London and Paris), M. E. C. P. (T ' " 
pages, cloth, {4.00. 




RECENT PUBLICATIONS. 



A Hannal of DeTmatologr* By A. R. Robinson, M. B., L. R. C. F. 

and S. (Edin.). Professor of Dormatology At the New York FoljcUnic ; 
Professor of Hietologj and Fatbologictil AjjAtomy at the Woman's 
Uedical College of the Ifew York Infirmary. Revised and corrected. 
Svo, 61T pages, clolh, fG.OO. 
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"Altogether It la an excellent work, belpful 
— '" -" '- •>■- itQcljof Bkfn^llBea!- "- 



NEARLY READY.— June, 1883. 

The Use or the ]Wicrosco]ie in Clinical and Paihological 
EiaminBtiousi By Dr. Carl Fiiiedlaender, Docent In Patbo- 
lofiicai Anatomy at Derlin. Second edition, enlarged and improved, 
with e. chromo- lithograph Plate. Translated, with tie pennisaion of 
the author, by Henhi C. C<je, M. D., M. R. C. S., L. R. C. P. (London), 
Pathologist to tho Woman's Hospital of the Slate of New Tork. 
Bto rol. of aoo pagea. 

The DiagDosis and Treatment of Diseaies of the Ear. By 
Oben D. PouEBor, U. D., Surgeon to the Manhatlau Eye and Ear 
Hospital, etc With one hundred Qlustrationa. New edition, revised 
and enlarged, flvo, cloth. 

Clinical lUicroacopr* By Dr. Alex. Petib. New edition, reriaed 
and enlarged. With ninety Plates, compriBing one hundred and &ve 
lUostrations. Translated by A. C. Gibakd, M. D., Assistant Surgeon, 
U. S. Army. 

A Text-Book of Ophthalmoacopy' By Edward Q. Lobiho, M. D, 
Part I— The Normal E3fo, Determination of Hefraction, and Diseases 
of tbe Media. Bvo. Profusely illustrated. 

New Tork: D. APPLETON k CO., 1, 3, & B Bond Street. 
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